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FOREWORD 



This collection of papers is based on projects done in conjunction with a senior 
level/graduate course. Applications of Operations Research Techniques in Systems 
Engineering. During the past semester, this course concentrated on analysis of li- 
brary operations with twenty-five percent of the class hours devoted to lectures and 
seminars on that topic. The remaining seventy-five percent of the class hours were 
devoted to lectures on probability and statistics, queuing theory, linear and dynamic 
programming, and decision analysis. 

The text used was Hillier and Lieberman, Introduction to Operations Research, 
Holden-Day, 1967. However, Morse, Library Effectiveness, MIT Press, 1968 as 
well as several other books and journals were used extensively. 

Ten students were officially enrolled in the course, but several other individuals, 
to varying degrees, took part in the library-oriented aspects of the course. Of the 
total number of people involved with the course there were several professional libra- 
rians and social scientists as well as the expected large number of mathematicians 
and engineers. 

The professional staff of the University Libraries were invited to bi-weekly sem- 
inars and several were regular guests and offered valuable comments and suggestions. 
Each project was associated with some particular aspect of the library system and those 
involved with the project worked with the member of the library staff who had respon- 
sib,ility in the appropriate area. 

Because of various time constraints, two projects are not included in this collec- 
tion. David L. Aach investigated the effects of library temperature on student study- 
ing habits and found that temperature variations from approximately ll^F appear to 
have a negative effect on studying. Talal Findakly considered the need for multiple 
copies of highly circulated books in the Engineering Library and suggested a decision 
criterion for ordering multiple copies. 

As a last and most important comment, I want to express my gratitude to the 
University Librarian, Joseph S. Komidar, whose participation in the seminars and 
enthusiastic support of the projects were key factors in their success. Also, the re- 
gular participation in the course of Frederick S, Jones, Head of Acquisitions, and 
George Beal, Head of Circulation, contributed significantly to the rapport with the 
Libraries . 



Medford, Massachusetts William B. Rouse 

December 1973 
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USER OPINION OF REFERENCE nESOURCES AND SERVICES 

Douglas Rayner 
Engineering Design 150, Operations Research 
Tufts University 



ABSTRACT ^ 

With the intention of providing the administrators of the Tufts University 
Libraries with information on user attitudes concerning reference materials 
and services, this project entailed designing a survey cfuestionnaire, distri- 
buting the survey to the user population, and using the University computer 
to aid analysis of the user response. Finally, conclusions and suggestions 
derived from the statistical analyses are presented. 

INTRODUCTION 

\^en someone is responsible for providing a service and desires some 
guage of user opinion, the first tool that comes to mind is often a user 
survey. But often If the user population is Isrge the administrator is 
apt to become discouraged by the appearent clerical work involved. This 
Is unfortunate since an incorrect assessment of the work involved might 
completely discourage use of this powerful tool. It really does not take 
that long to design a short, concise, multiple choice questionnaire that 
will enable assessment of user opinion as well as a longer questionnaire, 
and will undoubtedly be better received by the user population. The newer 
copying processes are less cost prohibitive than before enabling fast, eco- 
nomical production of the questionnaire. And finally, the use of a statisti- 
cal package on a medium to large size computer reduces complex statistical 
analysis to simply transfer ing the responses to some machine readable form, 
and creating a simple set of program control commands. An example of a 
service operation that can benefit from correct information about user 
opinions is a university or large city library. Since most libraries have 
rather large user populations, the tools described above lend themselves 
well to simplifying the task of surveying these large populations. With these 
facts in mind, this project was initiated. 

The project entailed designing a questionnaire with the help of the 
library staff to determine general user attitude concerning the reference 
materi&ls and services provided by the Tufts University Library. A two 
page, 13 question (multiple choice) survey was prepared, and 450 copies 
were made. Despite predictions by library staff and members of the class 
that the user response might be minimal, all copies of the survey were taken 
from a display at the front door by entering students, and 320 were returned 
to the boxes provided at the front entrance, all in the period of about 12 
hours. The responses were then typed into the university DEC System 10 Time- 
sharing System and one-way and two-way frequency statistics were obtained 
using the Statistical Package for the Social Sciences (SPSS). 

The remainder of this paper describes the questionnaire, and discusses 
the one-way and relevant two-way frequency statistics obtained* The final 
nages contained conclusions and suggestions; based on these statistics. 
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THE QUESTIONNAIRE 



The final questionnaire (shown on next page) contained 13 questions, 
and space for comment and criticism. It was printed on one page (two sides) 
so that the users would not be discouraged by what might have appeared to be 
a long questionnaire. The first few questions were aimed at classifying the 
particular user so that some relationships might later be seen between user 
characteristics and the answers to the more subjective questions. Questions 
seven and eight, although seemingly identical, were each trying to substan- 
tiate and quantify a suspicion that the average user was not sure of what 
reference materials or reference services were provided by the library. 
(Question nine was included to see if the average user also suspected that 
his fellow users were unaware of what reference resources were available « 
In question ten it was assumed that a significant number of users would not 
besure of reference resources, arid it therefore tried to determine what the 
probable result would be if the user were made more aware of the present ref- 
erence resources. This same assumption carried into question eleven where 
the user user was asked to recommend methods of publicizing the present ref- 
erence resources. Question twelve was intended to guage the user attitude 
toward the present dispersed reference materials amongst the various branches 
of the library as opposed to their attitude toward a consolidated reference 
center. Question thirteen asked the user to generalize his opinion of the 
reference materials and services available in the library. Question fourteen 
was included to allow the user to add any comments he/sh^ felt pertained to 
the reference resources of the Tufts Library. 

ANALYSIS 

A table of the frequency of answers to each question is shown on the 
following page. Results shown as histograms are shown for the more interes- 
ting questions. Some of the more frequent comments entered on question four- 
teen are given below. 

1) Desire for acquisition of more new books 

2) Concern for the overcrowded conditions due to a lack of a student 
center which burdens the library with many 'socializers ' 

3) Concern for the fact that the most needed bound periodicals are 
often not in the stacks, but rather are checked out. 

A) Desire for consolidated stacks to give more study space 

5) Desire to have the library open more hours 

6) A need for storing more resources on film 

7) Desire for a more uniform temperature throughout the building 

8) A need for more professional staff on duty evenings to answer 
questions 

9) A better copying machine to produce higher quality copies 

Some of the relationships between pairs of questions (crosstabulations) 
are shown on the next few pages. Outlined below are some of the relevant re- 
lationships observed. 

1) General opinion of the reference resources related to class and 
major. 

a) The class ana major which most frequently found the reference 
resources 'poor* were .the junior class social science majors 

b) The freshman, sophomore and senior classes each had pre- 
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This survey is conducted by students in Engineering Design 150, 'Operations 
Research', with the knowledge and cooperation of the Library Administration, 

By conducting this survey, the students hope to obtain information on user 
attitudes and provide library officials with alternatives for possible changes in 
library structures and policies in the near future, and for long range planning. 

This survfey is concerned with reference resources. This includes both reference 
materials (Encyclopedias, Abstracts, Indexes to Periodical Literature, Dictionaries, etc*) 
and reference services (meaning any service provided by the reference librarian or by 
a member of the reference staff). 

Please take a few minutes to fill out the survey, and return it to the box provided 
near where you received the survey. If you take a copy of the survey, but decide not 
to fill it out, please pass it on. Your cooperation is greatly appreciated. 



1. What time of day is it as you are filling out this survey? 

1. Morning 2. Afternoon 3. Evening 

2. What is your class? 
1. Fresh. 2. Soph. 3. Jr. 4. Sr. 5. Grad. 6. Faculty or Staff 
7. Non-Tufts Student 

3. What is your Major Discipline? 
1. Humanities 2. Social Science 3. Natural Science 4. Engineering 
5. Special Studies 6. Does not apply 

A. How would you classify your use of the Tufts Library System? 

1. Almost never 2. Rarely 3. Occasionally 4. Frequently 5. Almost nightly 

5. In an average semester, how many times would you use a piece of reference material or 
request service from the reference staff? 

1. Never 2. 1-5 3. 6-10 A. 11-20 5. 21-30 6. More than 30 

6. How is your use of the reference resources of the library distributed through the semester? 

1. Does not apply ?. Well distributed throughout the semester 

3. Mostly early In the semester A. Mostly during the end of semester and exams 

5. Mostly the end of semester, but not during exams 6. Mostly during exam period 

7. Do you think you are aware of what reference materials are provided by the library? 

1. yes 2, no 

8. Do you think you are aware of what reference services are provided by the library? 

1. yes 2. no 

(Continued on back of this page) 



9. Do you think the majority of the library users are aware of what reference resources 
are provided? 

1. yes 2. no 3. not sure 

10* If you are unsure of what reference resources are provided, do you think being made 
aware of them would influence your use of these reference resources? 

1, does not apply 2. considerably 3. somewhat 4. not at all 

11. If you think that you yourself and /or the average user are unaware of the reference 
resources provided, what do you think the library should do to remedy the situation? 

1. Regular informative seminars 2. publish a "How to use the T.U. Library" document 
3. both 1 and 2 4. other (please specify) 



12. Do you think all reference materials and services of the Medford campus libraries 
should be consolidated in Wessell? 

1. yes 2. no 3« not sure 

13. What is your general opinion of the reference resources provided by the T.U. Library? 

1. can't say 2. more than adequate 3. adequate 4«. needs improving 
5. generally poor 

14. Please add any criticism or recommendations you wish concerning the reference resources 
of the Tufts University Library. 
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TABLE 1: FREQUENCY OF ANSWERS TO EACH QUESTION 

Relative/Adjusted Frequency (X) 
of each answer 





1 


2 


3 


A 


5 


6 


7 


2 


16.6 


28.0 


18.6 


25.7 


6.2 


2.3 


2.6 


3 


21.5 


37.8 


23.5 


10.7 


3.6 


2.9 


0.0 


A 


2.6 


5.5 


22.1 


A2.3 


27. A 


0.0 


0.0 


5 


7.2 


42. 0 


23.1 


16.0 


7.5 


A. 2 


0.0 


6 


19.9/0 


A2.0/52.A 


1.6/2.0 


13.0/16.3 


21.8/27.2 


1.6/2.0 


0.0 


7 








d 01 

v •v 


V*Jf 




(X fit 


8 


23.5 


76.5 


0.0 


0.0 


0.0 


0.0 


0.0 


9 


2.6 


51.5 


A5.9 


0.0 


0.0 


0.0 


0.0 


10 


2A.1/0 


30.6/A0.3 


39. 7/52, A 


5.5/7.3 


0.0 


0.0 


0.0 


11 


2.0 


64.2 


2A.A 


9.5 


0.0 


0.0 


0.0 


12 


33.9 


37.5 


28.7 


0.0 


0.0 


0.0 


0.0 


13 


31.9/0 


2.3/3.3 


19.9/29,2 


3A. 2/50.2 


11.7/17.2 


0.0 


0.0 



* Adjusted frequencies are computed after answers that are considered 
missing such as 'does not apply' and 'can not say' are removed. 

Question one was discarded since the surveys were not being handed out 
during all times of the day. 



dominantly 'needs improving' attitudes 
c) The humanities majors were more frequently of the 'more than ade- 
quate' opinion 

2) Class and major related to frequency of library use 

a) The class with the most freauent 'almost never' response was 
the freshman class 

b) The class with the most frequent 'almost nightly' response was 
the senior class 

c) Natural science majors tend to use the library frequently but are 
not as frequent users of reference resources 

d) Engineering students use the library mostly for reference purposes 

3) Major related to personal awareness of reference materials and services 

a) Humanities, social science, and natural science majors seemed to be 
more aware of reference materials than engi.ieering majors or non- 
Tufts students 

A) Personal awareness of reference materials related to general opinion of 
the reference resources 

a) Both the users who felt they vere aware of the reference materia.ls 
available and those who felt they were unaware of these materials 
had the same distribution of opinions on resources in general 

o 
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5) General personal awareness of reference resources related to assumed 
results of more publicity of reference resources 

a) 85% of those aware of resources and 95% of those who were unaware 
of reference resources believed their use cf resources would increase 
at least somewhat 

6) User desire for consolidation related to resource use, and use distribution 
throughout the semester 

a) People who never use the resources and people who make frequent use 
of the resources responded more often *no* to a need for consolidation 

h) People who use the library at particular times during the semester 
were more interested in consolidation than the people who use the 
the library on a regular basis 

7) Frequency of library use related to general opinion of reference resources 

a) The more people used the library the larger the proportion of 
'adequate* opinions 

B) Frequency of library use related to assumed results of more publicity of 
the reference resources 

a) Those who used the library very infrequently thought their usage would 
not increase if resources were more publicized 

b) The more frequent the use, the larger the percentage who believed 
their use would increase at least sornewhat if resources were more 
publicized 



CONCLUSIONS 

Since the following trends were observed in the analysis of the results of 
the survey: 



- Almost 50% of respondents were unaware of reference materials 
available 

- More than 75% of respondents were unaware of the reference services 
available 

- Over 80% of all users whether aware of resources or not felt their 
use of reference resources would increase at least somewhat 

- The users were interested in seminars and a summary document to 
help publicize the present resotirces available 

- The most frequently added comment concerned the overcrowded con* 
ditions of the library, and the suspicion that this was due to a 
lack of a student center 

- The second most frequent comment concerned the seemingly constant 
unavailability of Important bound periodicals 



and since there are probably no new, readily available funds to do do more than 
continue the present acquisition policy in the reference department, the following 
suggestions are presented: 



- The library staff should try to compile a brief summary document list- 
ing the most frequently used reference materials available in the library 
including information on where to find the complete list of refer- 

• ence materials, and information on the services provided by the refer- 
staff 

- The library staff should suggest that the University accelerate 
plans to set up a student center, and give full support to any 
such plan 




- The library staff should seriously consider placing a copying 
machine in the periodical area so that students can easily copy 
desired information, and then change policy to state that bound 
periodicals may not be taken from the library 

- The library staff should, on a periodical basis, try to survey 
user opinion concerning all aspects of library operation, to help 
provide the best service possible 
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STAFFING THE CIRCULATION DESK 

Ramesh 6. Nar, Graduate Student of Engineering Design, 
Tufts University, Medford, Massachusetts 02155 



ABSTRACT 

This paper presents a technique for staffing the circulation desk. 
The technique used is the application of queue ing theory. The technique 
presented here can be used for staffing other desks having similar charac- 
teristics. The staffing done in this problem is for existing system. Data 
required for staffing the circulation desk was collected at the circulation 
desk of Wessell Library. The data is analyzed and finally the number of 
servers required on the circulation desk is obtained. 

lUrRODUCTION 

The functions of the circulation desk is to issue the books and 
also to answer inquiries either by telephone or in person. There is one 
circulation desk in Wessell Library. Also, there is a telephone at the 
circulation desk. 

Generally, the number of servers required depends upon the arrival 
rate of inquiries and service rate of servers. As the arrival rate 
increases, servers become busier and at some point it will be necessary 
to increase the number of servers. The service rate depends upon the task 
to be performed and also upon the efficiency of servers. 

To get the average arrival rate and average service rate an appro- 
priate model ib assumed. Application of queueing theory will lead to the 
proposed staffing policy. 

DATA COLLECTION 

After conversation with the librarian, it was found that particular 
hours of the day are of interest. Data was obtained for line length at an 
interval ox fifteen minutes during the hours of interest. This data was 
collected during the period of October 25, 1973 to November 6, 1973. Line 
length was taken such that most of the library hours are covered. This 
data is given in Table 1. Line length means the number of persons waiting 
in front of the circulation desk (including the persons being serviced) . 
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TABLE 1. LINE LENGTH DATA 



The average service rate was determined by collecting data between 
October 31, 1973 and November 2, 1973. This data Is tabulated In Table 2. 



SERVICE TIME 


FREQUENCY 


SERVICE TIME 


FREQUENCY 


Mln. 


(No. of Services) 


Mln. 


(No. of Services) 


0 - 0.5 


31 


5.0 - 5.5 


2 


0.5 - 1.0 


AO 


5.5 - 6.0 


0 


1,0 - 1.5 


38 


6.0 - 6.5 


0 


1.5 - 2.0 


7 


6.5 - 7.0 


0 


2.0 - 2.5 


4 


7.0 - 7.5 


0 


2«5 - 3.0 


4 


7.5 - 8.0 


0 


3«0 - 3.5 


2 


8.0 - 8.5 


0 


3.5 - A.O 


1 


8.5 - 9.0 


0 


4.0 - A. 5 


1 


9.0 - 9.5 


1 


4.5 - 5.0 


0 


9.5 -10.0 


1 



TABLE 2. SERVICE TIME PERIOD AND NO. OF SERVICES (In person) 
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Data for inquiries by telephone r^/as collected during the 
period October 31 » 1973 to November 29, 1973. This data is tabulated in 
Table 3. 



Date 


Time 
Period 


Time for each Inquiry in Sec. 


Total 
Inquiries 


10-31-73 


17 


- 


18 


38 


113 


83 216 


4 




18 


- 


19 


173 


49 




2 




19 




20 


83 


191 




2 


11- ]?-73 


12 


- 


13 


317 


93 


44 


3 




13 


- 


lA 


15 


74 


209 132 321 


5 




lA 




15 


211 


93 






11- 2-73 


8 


- 


9 


33 






2 




9 


— 


10 


0 






0 

w 




10 


— 


11 


119 


214 




2 


11- 4-73 


18 




19 


103 


37 


49 312 17 


5 




19 


— 


20 


43 


54 


271 162 109 


4 


11- 5-73 


15 




16 


179 


22 


143 


3 




16 




17 


93 






1 




17 




18 


114 


36 




2 


11- 6-73 


13 




lA 


311 






1 




lA 




15 


203 






1 


11-28-73 


8 




9 


64 






1 




9 




10 


34 


127 


93 193 


4 




15 




16 


205 


113 




2 




16 




17 


314 


273 


33 78 97 


5 


11-29-73 


10 




11 


243 


287 


257 131 163 


5 



TABLE 3. TELEPHONE INQUIRIES 



ANALYSIS 

Mean line length, L, for each time period is obtained simply by 
summing u? the line lengths and dividing by the total number of measure- 
ments during that period. This mean line length suggests that on the 
average, there will be that many people in the line at the desk. These 
values are tabulated in Table 4« 
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Time 


Mean Line 


no. of Measurements 


Ferloa 


Length L 


N 


8-9 


0.75 


8 


9-10 


1.0 


10 


10 - 11 


1.8 


5 


11 - 12 


1.8 


5 


12 - 13 


2.6 


5 


13 - lA 


1.6 


15 


lA - 15 


1«73 


15 


15 - 16 


1.6 


5 


16 - 17 


1.8 


10 


17 - 18 


1.13 


15 


lo - 19 


* 




19 - 20 


0.9 


10 


20 - 21 


1.0 


5 


21 - 22 


0.8 


5 



TABLE A. CALCULATIONS OF L 



From Table 2, the histogram of the service rime (In person) was 
drawn and is shown in Figure 1. It shows that frequency is highest when 
the service time is 0.5 to 1 minute. 

The cumulative service time distribution was obtained. The proba- 
bility that service time is greater than time t is shown in Table 5 - 
and graph o£ the service time distribution is shown in Figure 2. 
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Figure 1, Histogram of Service Time (in person) 
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Figure 2. Cumulative Service Time Distribution (In person) 
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Service 
Time 


Inquiries 
(Service Time > t) 


Probability 
(Service Time > t) 


0 


132 


1 


0.5 


101 


0.765 


1.0 


61 


0.462 


5.5 


23 


0.377 


2.0 


16 


0.121 


2.5 


12 


0.091 


3.0 


8 


0.0606 


3.5 


6 


0.0455 


4.0 


5 


0.0303 


4.5 


4 


0.0303 


5.0 


4 


0.0303 


5.5 


2 


0.015 


6.0 


2 


0.015 


6.5 


2 


0.015 


7,0 


2 


0.015 


7.5 


2 


0.015 


8.0 


2 


0.015 


8.5 


2 


0.015 


9.0 


2 


0.015 


9.5 


1 


0.008 


10.0 


0 


0.0 



TABLE 5. CUMULATIVE SERVICE TIME DISTRIBUTION (in person) 



As seen from the graph, service time appears to be exponentially 
distributed. Therefore, the area under the curve will be the average 
(in person) service time 1/y (Ref. 1). 
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Cl3 Calculating the area, 



= ^ = 0.755 services/minute. 

While collecting the data for line length, there were always two 
servers at the desk. From reference ClUt for a two server model having 
Poisson input and exponential service time, it can be shown that 



[2] p = - ^ » /-T 



where p is the utilization defined as the fraction of time each server 
is busy. For each time period utilization factor is obtained. 

[3] p » 

Using this formula mean arrival rate (in person), is obtained. 
The values of utilization and mean arrival rate are shown in Table 6. 



Time 
Period 


Mean Line 
Length L 


Utilization Factor 
P 


Mean Arrival Rate 
Xj^- sPMj^ . 


8 - 


9 


0.75 


0.335 


0.490 


9 - 


10 


1.0 


0.414 


0.625 


10 - 


il 


1.8 


0.585 


0.874 


11 - 


12 


1.8 


0.585 


0.874 


12 - 


13 


2.6 


0.689 


1.039 


13 - 


14 


1.6 


0.554 


0.836 


14 - 


15 


1.73 


0.574 


0.866 


15 - 


16 


1.6 


0.554 


0.836 


16 - 


17 


1.8 


0.585 


0.874 


17 - 


18 


1.13 


0.450 


0.681 


18 - 


19 


1.5 


0.535 


0.808 


19 - 


2C 


0.9 


0.385 


0.581 


20 - 


21 


1.0 


0.414 


0.625 


21 - 


22 


0.8 


0.350 


0.528 


TABLE 


6. 


UTILIZATION AND MEAN ARRIVAL RATE 


(in person) 



o 

ERIC 



-18- 



Values of the mean arrival rate (In-person) during each time period 
Is obtained and mean service rate Is also obtained. This Is only for In- 
person Inquiries. Now Inquiries by telephone will be considered. It Is 
found while discussing with librarian that Inquiries by telephone are much 
less frequent than Inquiries In person at the circulation dest. Therefore, 
mean arrival rate X2 (phone) for each time period was found by taking 
average Inquiries per minute during that time period. Mean arrival rate 
Is tabulated In Table 7. 



Time 
Period 



Mean Arrival 
Rate 



8 




9 


0.017 


9 




10 


0.034 


10 




11 


0.058 


11 




12 


0.050 


12 




13 


0.050 


13 




14 


0.050 


14 




15 


0.025 


15 




16 


0.042 


16 




17 


0.050 


17 




18 


0.050 


18 




19 


0.058 


19 




20 


0.058 


20 




21 


0.034 


21 




22 


0.034 



TABLE 7. 



MEAN ARRIVAL RATE (by phone) 



From Table 3 number of services that had service times greater 
than t were obtained. The probability for service time greater than 
t was then determined. This probability is tabulated in Table 8. 
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Time 


Service Time >t 




0 


55 


1 


0.5 


50 


0.91 


1.0 


42 


0.76 


1.5 


36 


0.65 


2.0 


25 


0.45 


2.5 


21 


0.38 


3.0 


17 


0.31 


3.5 


12 


0.22 


A.O 


8 


0.15 


4.5 


7 


0.13 


5.0 


5 


0.09 



TABLE 8. CUMULATIVE SERVICE TIME DISTRIBUTION (by phone) 



The service time distribution Is shown In Figure 3. It Is approximately 
exponentially distributed so the area under the curve is equal to 1/^2 ^-c* 
mean service time. Thus, 

£U2 Po 0.444 customers/mln. 



Mean arrival rate in person and mean arrival rate by telephone 

X2 for each time period Is known and also the mean service rate In person 
and by telephone and ]X2 respectively are now known. Therefore, total 

arrival rate and mean service rate for each time period are obtained using 
the following relationships. 

X « + 

Values of X and ]i obtained for each time period are tabulated in 
Table 9. 
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Figure 3. Cumulative Service Time Distribution (by telephone) 
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Figure 4. Total Arrival Rate v/s Library Hours 
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iune 
Period 


fiean Line 
Length L 


Mean Arrival 
Rate 


nean Arrival 
Rate A^ 


iotai Arrival 
Rate A 


Average Servlc€ 
Rate y 


8-9 


0.75 


0.490 


0.017 


0.507 


0.745 


9-10 


1.0 


0.625 


0.034 


0.659 


0.740 


10 - 11 


1.8 


0.874 


0.058 


0.932 


0.734 


11 - 12 


1.8 


0.874 


0.050 


0.924 


0.730 


12 " 13 


2.6 


1.039 


0.050 


1.089 


0.739 


13 - 14 


1.6 


0.836 


0.050 


0.886 


0.737 


14 - 15 


1.73 


0.866 


0.025 


0.891 


0.747 


15 - 16 


1.6 


0.836 


0.042 


0.878 


0.741 


16 - 17 


1.8 


0.874 


0.050 


0.926 


0.738 


IT 1 Q 

17 — lo 


1.13 


U.DOl 


f\ AC A 

0.050 


0. 731 


A T O C 

U.735 


18 - 19 


1.5 


0.808 


0.058 


0.866 


0.735 


19 - 20 


0.9 


0.581 


0.058 


0.639 


0.726 


20 - 21 


1.0 


0.625 


0.034 


0.659 


0.739 


21 - 22 


0.8 


0.528 


0.034 


0.562 


0.738 


TABLE 9. 


CALCULATIONS 


OF A aid y 









Total arrival rate versus time Is plotted In Figure 4 • From the 
graph It Is seen that the peak occurs during periods 12 to 13, i.e. the 
servers are more busy during this period. 

Utilization factor p for each time period for different numbers 
of servers was obtained using the formula 

This is given in Table 10. 
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Time Period 


Utilization factor 


■ p vhen 






8«1 


8«2 


8»3 


o 

o — 


o 


U»DoU 


U. JHll 


0.227 


n 

y — 


lU 


O.oSrQ 




0.297 


iU — 


11 


1.270 


0.DJ3 


0.423 


11 — 


IZ 


X.ZDU 




0.420 


IZ — 


IJ 


1.4DU 


U« iJV 


0.487 


13 - 


14 


1;201 


0.600 


0.400 


14 - 


15 


1.195 


0.598 


0.398 


15 - 


16 


1.485 


0.593 


0.395 


16 - 


17 


1.251 


0.626 


0.417 


17 - 


18 


0.995 


0.498 


0.332 


18 - 


19 


1.180 


0.590 


0.360 


19 - 


20 


0.879 


0.439 


0.293 


20 - 


21 


0.891 . 


0,446 


0.297 


21 - 


22 


0.761 


0.380 


0.254 



TABLE 10. UTILIZATION FACTOH 



From Ref . (2), it is suggested that p<0.667 will yield library 
service that will net cause excessive delays. From Table 10 it Is seen 
that for single server p>0.667 for all time periods therefore It will 
always cause excessive delays. Also, during some of the time periods 
p>l it implies that in case of single server the given length will go 
on increa&ing. In case of two servers p<0.667 except during 12 to 
13. Therefore, it is suggested that two servers are sufficient except 
the period 12 to 13. For period 12 to 13 if there are three servers 
p will decrease to 0.487. 

CONCLUSIONS 

From the above analysis three servers are necessary during the 
period 12 to 13 and two servers are necessary during the rest of the 
library hours. With this policy, the average ser waiting time is 1.378 
minutes. 
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It should be noted that data collected for line length was at an 
Interval of fifteen minutes. If this Interval Is reduced, more accurate 
mean line lengths could be determined and thus, more accurate p. Besides 
the number of servers required, this analysis also tells us about the 
total waiting time for each person (Including service time) . 

ACKNOWLEDGEMENTS 

The author Is grateful to William B. Rouse, Assistant Professor of 
Engineering Design, for his guidance In understanding the different situa- 
tions. The author Is also Indebted to Mrs. Myra Slegenthaler> Head of 
Circulation Desk, Wessell Library, Tufts University, for her cooperation and 
suggestions throughout the course of this study. 

REFERENCES 

1. Fredrick S. Hllller and Gerald J. Llberman. Introduction to 
Operations Research , Holden-Day. San Francisco, 1967. 

2. Philip M. Morse. Library Effectiveness , M.I.T. Press ^ 
Cambridge, Mass. 1968. 

3. William B. Rouse and Sandra H. Rouse. "Use of a Librarian/Con- 
sultant Team to Study Library Operations", College and Research 
Libraries, Vol. 3A, No. 5, Sept. 1973, pp 242-248. 



ERLC 



STAFFING THE RESERVE BOOK ROOM 
William B. Rouse and Sandra H. Rouse 

ABSTRACT 

An approach to staffing the Reserve Book Room at Tufts' Wessell Library is 
discussed. Characteristics of user demand and staff service are presented. Queu- 
ing models and dynamic programming are used to determine the allocation of staff 
man-hours that minimizes average user waiting time. 

INTRODUCTION 

This paper discusses a study of the Reserve Book Room at Tufts' Wessell Lib- 
rary. Initially, the authors had hoped to evaluate the use of the reserve collection. 
This would have included usage of materials as a function of discipline, level of the 
course for which the material was reserved, etc. However, u\ developing data col- 
lection methods, it became evident that the student staff who check-out materials were 
much too busy to record the necessary data. Thus, it was realized that staffing of 
the Reserve Book Room would have to be dealt with first. 

Weekday operation of the Reserve Book Room between 8:30 AM and 9:30 PM 
was considered. When this study began, twenty -six student man-hours per day were 
allocated to this period. Observation easily led one to believe this was often inade- 
quate. Before data collection had begun, the allocation was increased to thirty man- 
hours. The results of this study show that this increase was justified. 

THE RESERVE BOOK ROOM 

The Wessell Library Reserve Book Room collection is shelved on closed and 
open stacks. A professor may request that certain items be placed on closed reserve 
because he expects this material to be used more frequently by the students in his 
course. Limiting the loan period increases the probability of success that each stu- 
dent will experience in requesting the item. 

Wessell Library policy is that generally all closed reserve items must be used 
in the Library and can only be signed out after 9:00 PM, and returned by 9:30 AM, the 
following morning. The open reserve loan period is determined by the professor and 
is usually specified as one to seven days. These books may be consulted without as- 
sistance from the reserve desk staff. 

The total collection size is approximately 15,000 items with an average circula- 
- tion rate of 400 a day. The room is staffed by a full-time supervisor and assistant, 
a part-time typist, and approximately twenty-seven part-time students whose main 
responsibility is to circulate and reshelve the reserve collection. 

The operation of main concern is how quickly the reserve circulation staff sat- 
isfies a user's r^^quest. Routinely, this involves a ui^ier requesting a particular item 
on closed reserve. The circulation attendant locates the item, stamps the check-out 
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card with the student identification card and files the record at the desk. Or, for ex- 
ample, a user might request to reserve an item for overnight use. The attendant, af- 
ter some preliminary checking for the status of tlie item, gives the user an overnight 
card to fill put which alerts interim users to return the item to the desk by 9:00 PM. 

The supervisor is consulted when difficulty arises in fulfilling the requests. 
Because she usually works near the circulation desk, ti'ie supervisor also serves users 
when the line of users increases to the point that it significantly exceeds the number of 
attendants. Generally, the assistant works less frequently near the desk and thus, less 
frequently intervenes in serving users. 

In summary, this paper focuses on the following three elements of the reserve 
circulation operation: 

1. Number of servers behind the desk, i.e. , students and supervisors; 

2. Number of users waiting in line for service and being served; 

3. The amount of time it takes to satisfy a user. 
DATA COLLECTION 

The situation as described in the previous section easily leads to the use of waiting 
line or queuing models. This requires measurement of the average arrival rate of 
users, X , and the average service rate, y. 

Direct measurement of Xwould require recording the exact arrival time of each 
user. This would be very time consuming. Thus, another sampling approach was 
adopted. The number of people in line (including those being serviced) was recorded 
every fifteen minutes for two hour periods. The collection periods were fairly uni- 
formly distributed over the day between 8:30 AM and 9:30PM. The intervals were 
chosen to correspond with class times at Tufts as this is the way in which studerlhelp 
must be scheduled. Between October 12th and November 15th, data was collected 
for fifteen periods totaling 151 measurements. Along with the line length measvtre- 
ment, the number of servers, s, were recorded in two categories. The ca*f»gories 
were scheduled student servers and supervisory servers. 

The service time includes only the time it takes to satisfy a user's request and 
not the time he may have spent waiting to make his request. The distribution of ser- 
vice times was determined by clocking 157 services between November 9th and 19th. 
The numbers of servers were recorded in the same two categories. 

ANALYSIS 

Testing the hypothesis that service rate was affected by the number of people 
waiting in line, the correlation coefficient of service time and line length was calcul- 
ated and found to be -0,05. This appears to reject the hypothesis and thus, service 
rate was assumed to be independent of line length. 

Assuming exponentially distributed service times, the average service rate is 
the reciprocal of the area under the cumulative probability distribution function 
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P (service time>T). This function is ploted in Figure 1. From this data, it was found 
that M = 0.921 customers per minute. 

The queuing models discussed by Hillier and Lieberman [1] relate x and p to the 
average line length, L. Line length is defined as the total number of users at the desk, 
including those currently being serviced. The sampling method employed inliis study 
resulted in measurements of L for the thirteen one hour intei^vals between 8:30 AM and 
9:30 PM. The number of servers, s, varied from one to four during the period of data 
collection. 

Given u, L, and s, the appropriate model from Hillier and Lieberman was used to 
calculate X (assuming Poisson arrivals). For some time intervals, this resulted in 
four estimates of X since s varied from one to four within that individual interval. It 
was necessary to determine a single estimate of X for each one hour interval since 
student servers are scheduled in one hour multiples. Assuming steady-state measure- 
ments, a single estimate of x was determined by averaging the fourx*s. 

A = ^n^X^ + rigA^ + n3X3 + (1) 

where 

X^ = estimate of > with s-i, 

= number of measurements with s=i, 
M = ni + + + 

Using the method described above, X (in users per minute) was determined for 
each of the thirteen one-hour intervals between 8:30 AM and 9:30PM. The results 
are shown in Figure 2. 

Given X and u, the process is adequately described and personnel can be allocated 
to the above periods as follows. The procedure used was to allocate personnel so as 
to minimize average user waiting time, W. Waiting time includes that, in the queue 
and the actual servicing. Dynamic programming [1] was used to minimize 

W = |(X^W^ + X^W^ + ... + X^3W^3) (2) 

where x^ = average arrival rate in ith oeriod, 

= average waiting time in ith oeriod, 

X « X^ + X2 + ... + Xyy 

It was assumed that no more than four students could be allocated to a given interval 
because of the limited space behind the reserve desk. 

RESULTS 

Figure 3 shows W as a function of man-hours per day, T, invested in the thirteen 
one -hour intervals. The current allocation is thirty man-hours. Reducing the man- 
hours to twenty-five, a reduction of one-sixth, increases W by a factor of approximately 
five. Increasing T by one -sixth reduces W by approximately one -eighth. 



The optimal allocation of personnel for several values of T is shown in Table I. 



TIME INTERVAL 


26 


MAN 

28 


- HOURS, T 
30 


32 


34 


8:30-9:30 


2 


2 


3 


3 


3 


9:30-10:30 


2 


2 


2 


3 


3 


10:30-11:30 


2 


2 


2 


2 


2 


11:30-12:30 


2 


2 


2 


2 


3 


12:30-1:30 


2 


2 


2 


3 


3 


1:30-2:30 


2 


3 


o 


3 


3 


2:30-3:30 


3 


3 


4 


4 


4 


3! 30 -4; 30 


2 


2 


2 


2 


3 


4:30-5:30 


2 


2 


2 


2 


2 


5:30-6:30 


1 


2 


2 


2 


2 


6:30-7:30 


2 


2 


2 


2 


, 2 


7:30-8:30 


2 


2 


2 


2 


2 


8:30-9:30 


2 


2 


2 


2 


2 


A VG. WAITING 
TIME (MIN. ) 


2.98 


1.80 


1.65 


1.55 


1.47 



OPTIMAL ALLOCATION OF PERSONNEL 
TABLE I 



CONCLUSIONS 

Table I shows that there is a traac^-off between man-hours (dollars) and customer 
waiting time. If the cost of customer Waiting could be put in terms of dollars, perhaps 
as suggested by Morse [2]^ the trade-off could then be made. Another approach would 
be the use of decision analysis in a manner similar to that discussed by Rouse [3J. 
Unfortunately, time did not allow for an analytical approach to this trade-off. However, 
Table I indicates that the ''best" T is probably in the twenty-eight to thirty-two hour 
range. 

It is important to emphasize that the average waiting timers shown in Figure 3 and 
Table I assume an optimal allocation of man-hours. Other allocations than those in- 
dicated in Table I may result in substantially higher average waiting time. For exam- 
ple, if the allocation of twenty-six man-hours was changed from that in Table I to an 
allocation of two man-hours for each of the thirteen periods, the average waiting time 
becomes 7. 38 minutes. One should remember that 7. 38 is an average and some users 
will experience much longer waiting times. The reason for this dramatic increase 
should be evident from the demand curve in Figure 2, 

This situation is somewhat improved by the fact that the Reserve Book Room 
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supervisors work at the reserve desk when the queue becomes large. However, it 
would seem that one would not want to schedule supervisory personnel for regular shifts 
at the reserve desk. Thus, man-hours should not be decreased below twenty-eight hour 
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BOOK S3L2CTIOn 
Cynthia B. Koster 



ABSTRACT: 

The concern of this paper Is to analyse the present acquisitions 
policy and to submit proposals that would lead to a rational and 
balanced building of resource materials In the University Library, 
Faculty book selection policy Is Investigated and subjected to 
statistical tests to determine which practices result In the most 
effective book selection. 

INTRODUCTION 

At Tufts, the responsibility for book selection lies primarily 
with the Individual professors In each department. Specific allot- 
ments are made to these departments on the basis of the number of 
undergraduate majors, courses offered, and other criteria concerning 
the present status of the collection in that area and the importance 
of the department with respect to the University as a whole. In 
some departments, ordering is prolific, if not always discriminating, 
and the allotments are often exceeded. In these cases* book orders 
are sent back to the particular department, from the library, to 
establish priorities for purchasing. In other departments, ordering 
Is sparse and without some input by the library, these areas are neglected 
altogether. Retiring professors, or those leaving for another 
appointment, if not replaced by another similar specialist, leave 
collections untended. Dun to the increasing scarcity of non-current 
publications, inattendanco to a particular area for a period of years 
reduces even a once adequate collection to a weak and dated one. 
In addition. If the ori*;inal professor emphasized a specific ar^fl 
within a broader field, th'^n left his onsition at Tufts, there is no 
reason to expect that his or her replacement will order books com- 
plementing the existing collectif^>^ ♦ This leads to uneven development 
even within a narrow field. 

Hven if a particular professor has a great elt^nl of interest in 
book selection, the shear physical effort of screening dozens of 
publlshert^' lists, special area reviews, current publications' lists, 
and those for out-of*print materials requires more time than that 
available to aost professors who frequently have involvements 
outsld(> the general research and course requirements. Often, 
thouw:h professors receive a great deal of literature and reviews, 
they do not have ready accessibility to the vast number of 
bibliographic materials available to the University Library staff. 

As a result of the Inadequacy of faculty selection, at least 
total dependance on such, many libraries in the United States have 
begun shifting at least the major portion of responsibility over to 
professional librarians in the university library. Such a 

system has existed in many German universities for over a century 
and although their situation is somewhat different than that of 
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most of the American unlverslti**, the major advantages to this 
particular means of bulldlnj^ a university library appear to also apply 
to many of the Amerlcam university libraries • Instead of having 
major responsibility for book selection In the library, where It ^ 
appears to reside as far as administration, philosophy, and ratlj>nali^^ 
It Is with the faculty who have little accountability^ There is also^ 
an apparent lack of flexibility due to the fact that most of the 
total allocation for purchasing resource materials for the library 

in the hands of the individual departments. This would tend to 
restrict large purchasing, by the library itself or by an individual 
department. Since most professors order only in specific areas they 
are Interested in, the peripheral areas such as socio-economics or 
political anthropology are neglected* Unless there is input by the 
library staff, which cannot be expected, serious gaps in the collection 
might arise. 

Overall coordination promotes an even and balanced growth in the 
areas necessary for support of the library's client el- its students, 
both \mdergraduate and graduate, and the professors and staff. The 
University Library at Tufts, hopefully would reach the point where 
it could anticipate these needs. Eventually, if the Library is to have 
continued balanced growth, this shift away from faculty book ordering 
to selection by professional librarians must take place. Rationally, 
book selection, and the appropriations for purchasing such material 
belong within the Library. Faculty input should remain a significant 
part of selection as a whole but should not be the dominant force. 

APPROACH 

A questionnaire (shown below) was distributed to the faculty 
concerning Dook selection in order to determine the criteria used in 
ordering within the departments* Questions were posed about the 
existence of planning, both long and short-range, the bibliographic 
materials consulted, possible support for coordinated purchasing 
within the consortium, and specifically, the number of books and 
periodicals ordered by the individual professors each year. Infor- 
mation concerning length of time at Tufts, status within the depart- 
ment and department were also requested. The results 
were tested for correlation, cumculatlve frequency distributions 
were tabulated and tested for their statistical significance. 

In addition, the three schools involved with Tufts University 
in the consortium were Investigated as per their book selection 
policies. 

RESULTS 

Correlations were set up between all variables 
and it was found that for all but a few variable pairs, the 
correlation was negligible. The pairs that had some correlation 
were all statistically significant but the actual correlation was 
not particularly significant, generally explaining only a small 
portion of the variance between the two variables* 

Cummulatlve frequency distributions for seven variables 
were tested for statistical significance and it was found that those 
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QUESTIONNAIRE 



!• How many books, on the average, do you request for order in a 
year's time? Periodicals? Other (please specify)? To your 
knowledge, are all of these materials purchased and if not why? 

2. Name some of the materials you use (book reviews, publishers' 
lists) in order to select books/ and or periodicals. 

3. Are you responsible, within yuur department, for one particular 
area of study? If not, do you coordinate your selection with the 
other professor or professors who share your field of interest? 

4. Do you or a student on work/study check all orders against the 
card catalogue prior to submitting your list to the library? 

5. Is there any short range planning, per year, for the particular 
development of one area within your department? If so, how is 
this determined? 

6. Is there any long range planning within the department to build 
a collection of basic materials only or is there some general 
plan for development, to the "research level" in a particular 
I'ield? 

?. Do you feel that the selection of books belongs primarily within 
the separate departments, if so why? 

8. Would you support a shift of selection from Individual professors 
and departments to a professional bibliographer in the Library, 
if not why? 

9. Due to money constraints on the individual departments, is there 
any internal division of allocations between areas of study or 
is it first-come, first-served? 

10. Is there any attempt to categorise the requested books according 
to importance prior to submitting the list to the Library? (eg. 
"top priority", "necessary if money available") If there is no 
such system, would you support the institution of one? 

11 . Do you have any specific suggestions as to how book selection 
can be Improved? 

12. Tufts University has Joined three of the surrounding universities 
in cross-registration and there is limited coordination between 
the various libraries (including Boston Public Library). Would 
you advocate joint purchasing of particularly esoteric materials 
between these libraries-or intensive development in a parM(».uler 
area of study at one of the libraries with other libraries contri- 
buting a portion of the cost? 

13»Por those departments concerned, is there any coordination, at 
least at the level of checking available materials, with the 
Fletcher School Library? 
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14. When a new program/course is added. Is there any study of the 
present collection In this area, or a specific list of 
necessary materials submitted to the Library prior to the program's 
Inception? 
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professors responsible for a specific area of study within his or her 
department 'ordered significantly more booKs than those not responsible. 
In a ratio of about two to one. (t-test , Oi025 level) Results 
showed that those professors either having their own short-range 
planning or were members of a department having such planning also 
ordered significantly more books than those professors lacking all 
short-range planning. (t-test , 0.00 5 level) Assuming that those res- 
ponding to the questionnaire are more Interested In book selection 
than those not responding. It would be expected that both the results 
of responsibility in an area and short-range planning would be even 
more significant if a larger sampling was obtained. 

The results of the investigation at the other schools parti- 
cipating in the consortium tend to substantiate the assumptions 
that faculty Inpi'** is generally not adequate for building a balanced 
collection. Both Boston University and Boston College have book-selection 
policies requiring professional acquisitions librarians • It was felt 
at these schools that faculty input was not adequate and was un- 
coordinated with respect to the total collection. The shift to 
professionals has been in the last four years and has been found to 
be superior to the previous policies of faculty selection. Although 
there is continued faculty input, it is coordinated closely and in 
consultation with the librarian responsible for their field. In 
both cases, faculty opposition h^s not been a problem though at 
Boston College there is a continuing lack of interest in library 
selection policies which serves to limit faculty input. Brandeis 
University has a selection policy similar to that at Tufts University. 
Their policy appears to be based on a lack of money available 
for hiring an adequate staff for an acquisitions department with the 
responsibilities of those at Boston University and Boston College. 
Also, there seems to be general satisfaction, on the part of the 
Director of the Library, with the quantity and quality of faculty 
book selection. Though there is no specific plan for any future 
shift to professionals, the feeling is that there would be little 
faculty opposition if such a shift occurred, providing that professors* 
orders were still given high priority for their selection. 



CONCLUSIONS 

Due to the lack of correlation between variables such as 
number of books ordered and long-range planning or responaiblity 
and policies for adding new programs, it appears tha*- there is little 
or no policy for book selection among a large percentage of the 
faculty. Though they are definitely opposed to a shift to library 
responsibility for acquisitions (6^.?^^), there does not appear to be 
any sort of continual coordination either by the individual professor 
or in most of the departments over a long period of time. Unless 
such planning is Introduced, allowing continued faculty control over 
book selection will serve to promote uneven, unplanned acquisitions. 
At this point, faculty selection is not a function of their status 
(tenured or non-tenured), years at Tufts, or the size of their 
particular department. Its basis appears to be significantly 



related to responsibility and short-range planning, jt Is proposed 
that since those professors with specific responsibility in an area 
within their respective departments do order significantly more books 
than those without such responsibility, specific areas for ordering 
should be determined and assigned to each professor within all 
departments. This would Increase accountability and perhaps the 
overall amcunt of books ordered • Each department ^uld also Insist on 
some planning-flexible yet with specific direction* of each professor. 
This should be articulated to all members of the department to Increase 
coordination and comprehensiveness. This individual planning could 
be incorporated in the basic, long-range goals of the department Itself. 

Library committees should be set up in each department, one or 
two professors depending on the size, in order to maintain optimal 
communication with the Library. It would also enable the department 
itself to ascertain whether areas are being covered adequately. 

Because of the general policy at Tufts Iftilverslty, primary 
emphasis has been placed on building the undergraduate collection. 
There should be serious re*evaluation of the existing graduate programs, 
specifically the doctoral programs. If the policy is golrg to support 
undergraduate needs first, there should be a similar emphasis within 
the departments themselves. Certainly if the cost of building up 
an adequate set of research materials for a graduate program is 
explicit ly considered as a co«t of that program, decisions could 
be made with respect to the existing programs ( and any new ones 
proposed) in a realistic manner. 

Concerning the long-range goals of the University Library, 
there should be serious discussion among those elements most con- 
cerned- the administration, the faculty, ani the Library. The 
pattern set up by the top fifty colleges has indicated that Tufts 
will have to re-consider its present acquisitions* policy in the 
future. If there is going to be substantially more support for 
graduate programs than there has beer In the past, a shift to pro- 
fessional librarians with responsibility for book selection and 
general collection building must take place. If the policies 
regarding the Library's growth are going to remain primarily 
concerned with development of an landergraduate collection, then 
the changes indicated within the departments and between the depart- 
ments and the Library should be adequate. 

Though the sample size is not great, it is felt that the 
conclusions are supportable if the assumption is made that the more 
active professors responded to the questionnaire. Of the 21 
departments that returned at least one questionnaire, there are 
about 250 full-time professors (instructors were not included in 
this sampling), resulting in a sample equivalent to about 1/5 of 
the total professors in these departments. In some departments, 
five professors returned questionnaires and thus represented from 
1/5 to 1/3 of the total in the department. Though the statistical 
evidence produced only tvxo significant areas affecting book selection, 
it is felt that i^ does represent a portion of the faculty and thus 
reflects at least several of the important attitudes towards book 
selection. 
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A STUDY OF THE UTILITY OF ENGINEERING SCIENCE PERIODICALS 



•Toserh Cod 3 
& 

Elaine Mroz 

ABSTRACT 

Th^ DurDOse of the project was to deterniine criteriw for rlHCing 
journals into remote storage in order to provide space for the flccoinino- 
dation of new .1ourn«le in Tufts Lufkin Engineering Libr;*ry. Journal 
usatre wfis stu-^ied ?is fi function of type of journal, ^jnd of y^^e of a 
pprticul«r volume at the ti^^e of usao^e. The Bradford Distribution 
was used as a method of correlating the dtita with results of previous 
researchers. 

INTRODUCTION 

Lufkin Library is the larp^est branch of the Tufts University 
Libraries. In Lufkin, volumes v^rtfiinln& to the En^fineering Sciences 
and in some easels, to Applied Mathematics and Physics are housed. The 
Journal Collection consists of rouf^hly kOO •'ritles, some of which date 
from the late nineteenth century. As plans are under way to combine 
the EnrrineerinR Collection with the entire Mathematics and Physics Col- 
lection in the space which is currently filled by Engineering volumes, 
it is obvious that steps rnust be taken to provide space for the most 
frequently used volumes. 

For the purposes of the project the journals were classified into 
two ca+e^?^ories according to emphasis. Those journals which were primarily 
academically orien^ted, dealing with articles of a theoretical or research 
nature were classified as "scholarly. Journals which were comTiercially 
oriented, pertaining to aprlicatJons and techniques, and dealing with 
the theoretical aspects of a problem on a more superficial bas3s were 
desi^^nated f*s "trade" jouranls. These classification were deterrrined 
by inspection of reopnt volumes. It was felt that the utility of a 
journal may decrease differently with time dependent upon its character- 
istic. Of the journals for which data was collected, 68^6 were of a 
scholarly designation, and 3295 were considered trade journals. 

Libr^^ry jouranl usage also was classified into two cate^rories. The 
first catPfTory is that of charge-outs. In this case, a journal is re- 
moved f^or^ the library for a span of up to two weeks in the case of 
stu^'ents, or up to a month for faculty. There is, however, a liberal 
workin*^ renewal policy in which books are charged-out for an indefinite 
lensrth of tiir^e subject to call-baoks. '^'his option seems to be most 
widely us^^d by graduate students , working on theses or research projects. 
The charpe-out date is not recorded; however, the due date, which in this 
case is totally analar^ous is recorded generally in two spots. The due 
date is s^^i^nped on both the circulation card which is filed at the cir- 
culation desk while the volu^'e is out of the library^ and on the inside 
back cover 6f the volume. In general, if the number of usae^.es were so 
v*^xcespive as to require more than one card, the record of prior usages 
could be found by checking the bftck cover. 

The second cat^c^ory of usaf^e is the in-house usage's. In t'^is case 
a j'^urnal may be taken off the shelf for quick reference or to make a 
cory of a particular pao^e or article. Even more significantly, the 
in-honse use "^ay be for the rurrose of researching a project or paper. 
In this case, the in-house us^'^^^e is very nearly ecnivalent in utility 
to a char£^e-out us^^o^e. 

A further natu.r^il distinction to be made is between bound and un- 
bound period3C«ls. As r-lr-^^^adv stated, hound volumes provide a ready 
and acc'i>"- +r record o"^ 'jsaprpp '*r)d dates. However, unbound journals - 
orep^nt p;r^^c )al nr^oblem in th^'t there is no per'^anent charse-out 
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record. It apre^red thnt unbounvl jo'jmals were rarely ever unst?}cke<3. 
However, if « ch?*r/?e-out does occur» the usaere is tPTPror?,ri 1 " recorded 
on nre-nrinted slip of paper -it the circulation desk. The due date 
mny "he stamped on the inside back covert or a slip wif^ the due date 
rnpiy be caper-clipped to the .i'^urnal. In both instances, the record is 
neither perTnanent nor reliable. 

Althou^'h sone research has been done intn the study of obsolescence 
of scientific .lournals, one of foremost rese?'rcherf B.C. Brookes, 
errphasizes the need for recoi?nit on of the uniqueness of each library's 
situation (1). Usa^re in a university library will be different from 
usa?^e in a public library or usape in a research firrr.. However, there 
may be different user needs and habits between universities. In addition, 
even within a university there are at least two different classes of 
usersi faculty, who are often contributors to the literature? and stud- 
ents whose journal usae^e may be viewed as a means of ultimately becominer 
a user with characteristics similar to the faculty, ^'hus, althou(7h we 
can look to the work of previous researchers for f?uidance, we must 
depend on our own results for our conclusions. 

In 19^8, S.C. Bradford (2) proposed a model by which he saw a means 
of dividing periodical literature into zones of usefulness. His law 
states that if periodicals are arranped according to the number of arti«^- 
cles that each contains on a r'iven topic, then the total periodical col- 
lection can be divided into equal usape zones sugh that the successive 
zones will form a ffeome+ric pro/rression of linin •n'^i... with a nucleus 
of .iournals comprising a ?re?it percenta?^-e of che usages. This principle 
has subsequently been expanded to consider acquisition and usages as 
1-elated to a sirrilar pattern of nucleus and proerression of journals of 
a given utility. Perhaps because o^^ the relatively small number of 
journals studied, the Feoretric profi:resRion did not seem to hold. 
However, the concepts of a nucleus of most-used journals and of zones 
of equal usage have nroved useful in the data analysis. This phenomena 
mny be viewed from two an/?les$ one from the di'^'^nsion of a^e in which 
we assume the nucleus of uses is around the tirre of publication of the 
eiven volumet the other from the dimension of individual journal, where 
the nucleus of which journals contribute the most to usaee figures must 
be determined frc^ the collection of data. 

It is to be noted that there is an historical usage of periodical 
scientific literature as well as a purely scientific usape. ^s a 
journal of a c^iven year p-eometrically approaches scientific obsolescence, 
it '^ay ?ain somev/hat from an histor-ical perspective. Exactly what con- 
stitues a scientific usa^re as opposed to an historical one is difficult, 
if not impossible to determine. Checking back to an original source may 
be viewed as either kind. However, for the purposes of this endeavor, 
only scientific usa^^es were considered si^nii*i^59nt^ 

DATA COLLECTION 

In many previous studies r<=^serMrchers felt there was a paucity of 
available data , or a problem with attaining a representative sample, 
This was ^of spen to be a problem in this particular instance, as every 
available bit of data was recorded and compiled. 

As previously implied, it wap feasible ^o collect data only for 
journals which were bo^nd. /^l ♦■hough a signi^^icant portion of the col- 
iection was unbound, we must trust that we are not drastically biasing 
our results bv considering? only bound copies. Similarly, we avoided 
occurrences of hi?toricrl usares by arbitrarily choosing as a starting 
point for d^ita collections volumes published in 1950» Thus, 2k years 
worth of recordable data was transcribed* 
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^h?'r^e-out UR?»°^es were recorded by notinf the journal nfime, year 
of rublici^tion of the specific volume, and +he d?ite of e^ich us^p^e from 
binHin/r until +he present. In effect, the information nresent on the 
circulation curd was reolinated. If a Hsape occurred in a volume which 
contrnnpd more th^in one yenr*'s publication, the usage was recorded as 
havinjer occurred in the earliest year. In this way we ffive the user the 
benefit of the doubt in any a^re-usae^e analysis. Renewals were recorded 
• s separate usacres^ l;)ut only to a maximum of two renewals (or, equivalently, 
a totr'l of three usaprps) for any one user at one time. This was arbi- 
trarily chosen to minimize the difference between a "lonp-** charge-out 
and one in which the volume is renewed oeriodically but perhaps not 
?»ctuanv used. Subsequent to the recording of data, the ,iournals were 
checked to determine their content as bein?? trade or scholarly. 

In-house uB^»Pes were r- corded by relyinp on the ffood-will of the 
library pwtrons. ^ si^n explaining' the project was posted in the stacks, 
nlone^ with notes '*n the desks renues-^inp that any journal used during 
the visit to the libr^'ry not be reshelved. Daily trins to the library 
were m? de at which ti-^e e' ch jo^irnal use was r*^ corded alonp with the 
date of the volume and the ^ate of the usa?e. The volumes were then 
reshelved to lessen the chance of .iournal beinf used twice but recorded 
qnlv once. Ais data was collected ovpr a period of two months. 
Unfortunately, due t-^ ti-^e constraints, the tirre period was mid-semester, 
t)resum?tbly a low point in in-house usaee. 

DATA ANALYSIS 

In analyzing the data, it was necessary to keer in mind two separate 
methods, of aiorroach. The first ob,iective is to determine which journalff 
cc^nrise the nucleus of most used bookSi after Bradford ''s proDOsal,. and to 
determ.ine in which zone any p^iven journal falls* The second objective is 
to determine how nournal usaee decreases with time. 

In determ'ng the Bradford distribution the journals were first 
separated by the scholarly- trade criterion. The scholarly journalsb com- 
prising over 2/3 of the titles were arranged in descendine order according 
to the total number of usages of the journal over the 2k year period. The 
journals were then grouned into 6 zones, each corresponding to roughly 
200 usages. The results of this grouping is shown in Table 1. As can be 
seen, the first three zones consist of only 10 journal titles. Thus, 7Jt 
of the scholarly journal titles account for 50^ of the usapes since 1950o 
A si-^il^^r arran^e'^ent was made of the trade .iournals, except that in this 
case 7 zones correspond inp to 85 uses each were assumed. From Table 2 
we see that the eip^ht nournals w^^ich comprise the top 5 zones account for 
71^ of all trade journal use. 

It is also interestinp to note that 35?^ of the scholarly journals, 
and ^'JjSof the trade journals were never char'e^ed-out over the 24 years 
which were studie*^ in this project. These journals are listed in Table* 3* 

We have, in this analysis neglected the in-house usage. Are the 
journals referred to while in the library the same as those which are 
freonently chnr^»ed-out? Str?^n;?ely enough, this did not prove to be the case. 
In both trade and scholarly journals, there appeared to be an unfair 
balance toward usape in the rarely charged-out zones. There is no ap- 
parent explanation for this, except that there may have been a common 
reason for not usins the^e nournals outside the library^ and for usinr^ them 
whil« in tv^p libr?iry. Nonetheless, this phenomenon must not be over-looked. 

In determining journal usar^e as a function of a^e, the distinction 
war still T^^antained* b'^tween trade and scholarly journals, ^^owever, it 
was found that t^e differencr in uf^a^^e was not very significant, with 
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TABLE li Usnfe Zones 
(nurrber listed is number 

Zone I • 

Water Poll, Cont, Fed. J. 125 

Sewai^e ft Industrial Wastes P5 

Zone 2 

ASCE Trf^nsactions 

Inst, of Radio Er\°. Proc. 59 

San5tf»ry Ene 'ner J., ASCE 62 

Zone 3 

American Concrete J. 35 

Am. Water Wrks J, '+9 

En^^5nerin^ News Record j6 

IEEE-M5crowpve T^iry & Tech. 5k 

J. of Fluid Mechanics 42 

Zone k 

Archives of Envmntl Health 2k 

Aviation & Spce Tech, 2k 

Bell System Tech. J. ?5 

Electrical Enp^ine^rin^ 1? 

G eot echnioue 17 

IEEE Proceedings 31 

Inst, of Petals J. 21 

J. of Appl. N:ech. 18 

Soil Wech & Fndtns.ASCE 22 

Zone 5 

Air Poll. Cont. Assoc. J- 11 

Anolied Scientific Rsch. 9 

Am, Soc. of Nlech En?^. J. 9 

Atmospheric Ene^vironment 8 
J. of Boston Soc. of Civ. Enf^.l5 

J. of Heat Transfer 9 

J. of Sound V1>-ration 10 

N.E. Water Wrks J. 13 

Solar Eneriry 8 

Struct. Div* J., ASCE 10 

Traffic Quarterly Ik 

Waterwav8& Harbors, ASCE 8 

Water Resorces Rsch. 13 

Zone 6 

Aeronautical 1 

Am. Ind. Hy^reine Afsc. 1 

ARS 1 

ASCE Power Div. 1 

ASCE Transportation 1 

ASCE Surveyinfl' * Mapria'^ 1 

Am, Soc. of Wth Statistics 1 

ACM Communications 1 

Au-^fymation * Remote Con'»-rol 3 

AlAA Journal 6 

British J, of Appl. Phys. 3 

Bull-tin of JSMB 2 

Eng. Wech. Div. ASCE 6 

Bxprmntl Mechanics 3 

Electronic Technoloi?y 2 

General Wotors En^. J. 3 

Hiph Spd. Gmd Transptn J. 2 

IEEE-Electronic Devices 6 

IEEE-Computers k 



for ^'cholarly Journals 
of times used since 1950) 
Zone 6 (cont. ) 

IEEE-Computers k 
IEEE-Nuclear Science k 
IEEE-Antennas & Propgtn 3 
IEEE- In format ion Theory 3 
IEEE-Circuit Thry 2 
IEEE-Communication Tech. 2 
IEEE Power Apparatus & Systems 2 
IEEE-Aerospace 

IEEE-Audio & Electro cnl Acoustics 
lEEE-Brdcst & TV Rcvrs 
lEEE-Geoscience Electronics 
IEEE Instrumntn & Keas 
IEEE-Magnetics 
lEEE-Sohics & Ultrasonics 
IEEE Systems & Cybernetics 
Int. J* of Eng. Sci. 
Int. J. of Non-Linear Mech 
Int. J. of Sci & Tech. 
Int J. of Mech. Sciences 
I.B.M* Journal 
Irrifiration & Drainage, ASCE 
Int. J. of Heat & K?»ss Transfer 
J. of Inst, of Electrical Eng. 
Int. J. of Solids dc Struc. 
Interna tiind Science & Tech» 
J. of Applied Mth & Mech. 
J. of Br»sic Engineering 
J. of Materials 
J. of Eng. for Industry 
J. of Mech. Eng'ng Sciences 
J. of of Inst, of filec. Engnrs 
J. of Mech & Phys. of Solids 
J. of Mth & Physics 
J» of Composite Materials 
J. de Mcchnnique 
J. of Aircraft 
J. of Eng. Science & Tech.^ 
Mf»chinery 
Machine Design 
Materials Science & Eng'ng 
Metallurgical ^^oc. of AIME Trnsctns 
Methods of ^omnutation 2 
Materials Research & Stnds 2 
Public Roads 2 
Solid Sta-fe Electronics 5 
Soil Mech^.nics & Pndtn S^ng. 2 
Quarterly J. of Mech. & Appi, IV.th 
Quarterly of Appl. Mth 
SIAM Review 
Nuclear Safety 
Nuclear Enginee •'ing Design 
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trade .iournals reaching obsolescence slightlj^ sooner thun do the schol^jr- 
ly. As can be seen from the eranhs in Piff» I, maximum usage occurs 
2-3 ye?»rs a^ter publication and then befrins a steady decline. The concept 
of half-life is useful in determining the rate of obsolescence • Half- 
life is the term used to denote the number of years in which half of the 
total number of remnin^'n^^ usa^^es will occur • In other words, if a 
.iournal is to have a total of 50 uses, 25 of these will occur during the 
first half-life, 1.2 will occur durinsf the second, 6 in the third, until 
the no«usa??e state is asymototically aprroached# There arpeared to be 
a well-defined half-life of 3 years for trade journals* The value for 
schol^^rly .iournals was not so easily determined* 50^ of the total usae'es 
for scholarly journals was reached within kii years, however, the obsoles- 
cpnce accelerated somewhat, with 80j6 of the usages having occurred after 
9 years, or 2 half-lives. This rapid acceleration continues for scholarly 
journals, so that by the end of 3 half-lives (l3^-years), 9^^ of the 
usasres have occurred, whereas in 3 of the trade journal half-lives, only 
87J6 of the usPS occurred. In terms of real years, which of necessity is 
the measure which will be used, it is fo\ind that trade journals reach 
their maximum usa^e sooner, and drop more quickly to obsolescence than 
do scholarly journals. For ex?*Tnp]e, after 12 years, 91^ of the scholarly 
usa^^e has occurred, as op'^osed to 95^ of the trade usaee. After 15 years, 
<^f% of the scholarly usaee has occurred, and 99^ of the trade charge-out 
usage. Once a^ain, it is important not to neglect in-house u<3aere. It 
was found that 9^9? of the in-library usages were volumes published since 
19*^9, or in other words, 9^% of the usae^es were of volumes less than 
15 y^ars of a«?e. 

CONCLUSION 

In '^innl 5>nplysis, it apnears that the decision of when to remov% 
journals from open circulation is a matter of choice for the library 
staff, b'^sed on the data now available. It appears to us that •'retiring'* 
journals 15 years subsequent to p'lblication is certainly a reasonable 
policy, as it provides for rour^hly 97^ of the usage. However, it would 
also seem reasonable to retain in the library all volumes of the journals 
which fall in the top 4 zones in the trade category, and the tor 3 zones 
in the scholarly division. Thus, the l6 most freouently used journals 
would be available at all times. The only conflict of this policy 
with the data collected would be in the strange zoning of the in-house 
usages. However, it is felt that because such a large percentage of 
even the in-house us«^s occurred when the journals were less than five 
years old, retaining 15 years of vol'^mes will cover all but a very 
small portion of desired upes» 

It is important to note the possible pit-falls in these recommenda- 
tions. i*'irstly, we have cornletely discounted "historical " usage 
on t»ie assumption that it seems a 's^all sacrifice to m^^'ke in terms of 
providing more snace for current IHeratu.re. There may be those who 
disagree with this supposition. We were unable -^-o collect data for 
unbound volumes, and their usaore pattern is only assumed to be similar 
to that of bound volumes. Thirdly, it is important not to generalize 
the results of this survey to any other situation. For instance usa^e 
of mnth and physics journals may possibly be of a different nature than 
that of en^^ineerin^r jo>.^rnals. Finally, there is a need for the periodic 
check of the validity of the results. A journal may at +his tire be in 
a low usa^e zone because it has just recently been subscribed to bv the 
library. In fifteen ye«rs it may have become so popular as to move 
into a* ton zone. Si-ilf^rly, new intf^rosts in di-f^ferent enfrineering 
topics may appear in the following voars. For instance, as air and 
water pollution journals h^ive beco^^e ropular in the past six or seven 
years, journals de«lin^? with energy problP'ns will almost certainly come 
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into fafshion in the next 
tant to watch closely the 
t:'>licy in ^^'ccord with use 
current data on disappoin 
thev were unable to use a 
In this wayp nny inconsis 
nuickly recop-ni zed and re 
study of in-house usa^^ps 
from our small amount of 



two to three years, Thus, it will be impor*' 
behavior of .iournal users to keep the library 
r demands. It would seem a^^visable to keep 
ted users bv asking them to indicate whether 

,ioi;rnal because it had been placed in storage, 
tencies between policy and user needs can be 
ctified. In addition, we recommend a continuing 
to see whether the trends which were apT)arent 
data are valid. 



R^FKRENCES 

(1) Brookes, E.G., ••The Growth, Utility, and Obsolescence of Scientific 
Periodic5il Literature," Journal of Documentation 26(Dec.'70)i 283-9^ 

(2) Bradford, S.C. Documentation. London t Lockwood , 19^8 

Other referencepi 

Brookes, B.C. •'Bradford's Lpw ^md t'^e Bibliography of Science* 
Nature, Dec. 6, 19^9,pD«953'-56 

Gof-flran, W. rmd Morris, T.G. •'Bradford's Law and Library Acquisitions^ 
Nature . June 1970, pi). 921^-3 

Line, ^''.B. ••The Half-Life of Periodical Literatu^ei Apparent and 
RppI Obsolescence*" Journal of Documentation 26 (March 1970) i k6^5k 



TABLE 2 1 Usafre Zone 
(number listed is numbei* of t 
Zone 1 

American City 73 
Zone 2 

Electronics 71 
Zone 3 

Civil Engineer inf^ ^2 

Water & Sewa^^e Wks. ^6 

Zone 

Enffineprinff ^0 

Public Works 45 

Zone 5 

MachTne Design 31 

Prcrespive Architecture 4P 

gone 6 

Illuminatini» Enj»ineer 9 

J, of Franklin Inst. 12 

Katrls. in En/?. Des5PTi 11 

Nurleonics . 9 

Power 13 
Royal Aeronautical Soc. 9 

Water Wastes & Eng'np 19 

Zone 7 

Air Cond. Htnor & Ventlnr^ 1 

AerosT^ace ^n^ine^rin? 1 

A'^erican T^^achinist 6 

ASHRAE 1 

Automotive Industries 2 

Consulting? En^inear 2 

Control En?7ineerin^ 7 

Electrical ^orld 5 

Electronic Desif^n 1 



s for Trade Journals 
imes used since 1950) 
Zone 7 (cont. ) 
Industrial Design 
Industrial 
Industrial 
^iachinery 
^^*echanical 



Research 
^ater Eng*ng 



Engineering 
I^ietal Progress 
Power Plant Engineering 
Prestressed concrete Ins. 
Product Enf>ineering 
Q.S.T. 
Railway Age 
Roads Streets 
S . A . E . 

structural En?ineer 
Traffic Quarterly 
Wastes Engineering 
Water Works Engineering 
World Oil 



7 
2 
k 
3 
3 
1 

3 
1 
8 
1 
1 
1 

I 

1 

2 

i 
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TABLE 31 JOURNALS WITH NO R5C0RDED USAGES 



Scholarly 
Acta Kechnnica 
Acusticfl 

Aeronautical Quarterly 

Am. Soc for Eng'nff Education 

Electronics Letters 

^eat Transfer 

High Prequ. Tech * Electr 

Hygeine & Sanitation 

lEES-Component Parts 

IEKK» Br o.q d ca s t i n g 

IBBE-Education 

IEEE- Electroniog. Gomp. 

IEEE- Industry & General Appl, 

IBEB-Ind, Electrncs & '^ntrl. Inst. 

IEEE- Prod. Eng'ng k Prdctn 

IEEE-Reliability 

lEEE-SoUd State Circuits 

Int. Dip. of Health Le^. 

In^enieur 

InP'enieur Archive 

Inst, (jf M.E. Automotive i^iv. 

Int. J* of Numerical I^thdSa in Ener. 

J, of BioTechanics 

J, of Snfo^ineerine^ Graiihics 

J. of ^ne^ine^rin?^ for P'^wer 

J. of Lu>)ric?'tion 

J, of Materials 

J. of Motion Pict. & T.V. 

J. of Nuclef-.r Physics 

J. of Physics 

J, of Research {^r\^. ^ Inst) 

J. of Strain Analysis 

J, of Socecrft & Rckts 

Petals Science Journal 

Med & Bio. ^ne, 

N^ettallurfeicai Trnsactns 

Nuclear Science ^ Ene, 

Power Reactor Tech. 

Pyrodvnamics 

Scriota Metallurffica 

SIAM J. of Appl. Math 

SIAF J. of Numerical Analysis 

Soviet Elect. Enp. 

Soviet Radio A Eng. 

Staub 

Vf» cuum 

Zeitschrift fur Ange. Math, und Mech. 



Trade 

Aerospace 

Air Engineering 

American Aviation 

AeroDlane 

Dp tarnation 

Desalinization 

Electronics & Power 

En^'ineers Digest 

Factory Mngmnt & Maintenance 

Factory 

Graohic Science 
^eftfin^ Piping & Air Cond. 
Industrial Electronics 
Inst, of Metals Jrn. 
Iron **ge 

Industrial Electronics 

J. of Research(Radio Science) 

i^^etals & Materials 

Modern Manufacturing 

Modern Plastics 

Kietal i^'inishing 

Mnfctng Eng. & Mngmt 

Problem of WFO Transmission 

Public Power 

Petroleum i^efiner 

Rndio & Electronic -'^'ng'ng 

Radio Science 

Reaction Fuel Proc. Tech, 

Re?»ctor Scl. & Tech. 

Revue de Metallureie 

Rubber Ch^n & Tech. 
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OPTIMAL TRACING PROCEDURES by 
John Archer Bly 



ABSTRACT 

This paper concerns methods of evaluation of library tracing 
systemSf usin/s; statistical computer programs and system simula- 
tion. It suggests an effective use of cross- tabulation of data 
in order to find relationships and possible areas of improvement 
in staff .and user searching procedurest It investigates how the 
spacing and the number of traces affect user and staff costs in 
order to generate optimal tracing policies and possible educative 
programs to alleviate such costs. 

INTRODUCTION 

How effective are present tracing policies i do they minimize 
user and staff costs? The method of analysis used to answer such 
questions is quantitative and stresses the technical aid of a com- 
puter. Since data is readily available on library tracing systems^ 
in that one need only save trace cards, eomputerized data analysis 
is partieularly suited for this subject. The programs used are 
simple and can be mastered by those with only a passing knowledge 
of Basic or Fortran. Any library wishing to implement the techniques 
illustrated, need only ask a local student or computer facility to 
run its data through a system such as the DEC 10 at Tufts University. 
In doing so it will obtain an evaluation of its system's tracing 
characteristicSf the number of traces which should be made, and the 
optimal spacing between such traces. 

At Tufts any user can ask to havi^ In trace made on a book. The 
traees average the first, fifth, and i% Inth weeks during which time 
such a user must wait until th# trace is successful, an average 
of four weeks, or until the ninth week when the book is declared 
missing.* The number ef books being traced times the number of 
weeks that they are out of circulation is defined as book-weeks lost. 
Boek-weeks lest are a cost to the user and are considered ms a value 
to be minimized. The proposed methods attack the problem of minim- 
ization by simulating the effects that different tracing policies 
have on book-weeks lest, and by determining what areas contribute 
an over- proportional amount ef boek-weeks lost. 

The body of the paper is divided into those steps that would 
be necessary to implement the approach to trace evaluation advanced. 
It begins with data collection. 

DATA COLLECTION 

Statistically, the more sample data the better; as lonj^ as 
no major changes have been made on the tracing system, records going 

♦Data quoted in the first half of the paper results from several 
statistical computer studies made by the author on the Tufts Uni- 
versity tracing system. 
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back one or two years should ^Ive a statistically accurate analysis. 
On the other hand if only two or three months are available p a good 
description of the tracing system can still be obtained, if the data 
is fairly consistent. Each trace repott should contain information 
as to where the book was found (le. the circulation file, the mis- 
sln^r file, the correct location in the stacks, misshelved by x num- 
ber of books, never found, etc.), the time elapsed before the book 
was found, the trace number on which the book was found (ie. the . 
first, second, or third etc.), whether or not the book is usually 
located in a special location, the length of the call number, the 
discipline of the book, and aay other pertinent information that 
might affect tracing policy. Leaving out any of these tracing var- 
iables infers a lessening of the possible number of cross-tabula«« 
tions, and consequently a lower scope of evaluation. In particular, 
the time elapsed before the book was found, and the trace number on 
which the book was found are necessary for nearly all the techniques 
used in this paper « 

S.P.S.S. EVALUATION 

Having typed the data^convenient variable formats, the system 
is ready to be evaluated. Calling a statistical package, such as 
the Statistical Package for the Social Sciences (S.P.S,S.), at the 
Tufts University Computer Center, one asks that the relative frequen- 
cies of the variables mentioned in the last section be calculated^ 
so as to procure a^eneral oveirview of what is happening in the trac- 
ing system. Thitf^an Idea of the relative importance of the differ- 
ent tracing areas, the effect that time has on the sucesss of a trace, 
and the possible lack of data points for my of the variables. Like- 
ly results are that one finds a large probabkbility of success for 
books found in their correct locations, and a comparitively small 
one for books located through the missing and reserve files. Any 
deviation from expected nonnfis should reveal problem areas and, per- 
haps indicate possible solutions. For example. If a user asks to 
have a trace made on a book, one expects staff to check the files 
nearby in order to try to locate the book, and thereby avert the 
necessity of instigating a trace. If one finds a larger than nor- 
mal expected relative fraquency, such as the relatively large fre- 
quency found in the missing file at Tufts University, one questions 
why and searches for ways to reduce this figure. Likewise^ if one 
finds that the relative frequency of books found does not decrease 
with time or trace number, or if it varies in ajiy peculiar way it 
should questioned, understood, and hopefully improved. 

To engender an Improved understanding of how the frequency of 
successful traces does vary with respect-to time and trace number, 
one can obtain a plctoral grasp of the situation by askii; the statis- 
tical package to plot some histograms of the time variables. A his- 
togram is an actual physical representation of the distribution of 
ritvtfrne frequencies. It not only aids in the evaluation of the 
probability distribution of the different areas in which the book 
was found, but it will also help to choose the probalistic tracing 
function with respect to tlme» when it becomes necessary to i^imulate 
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the effects that different tracing policies have on the tracing 
systtUB considered. The following are examples of histograms cal« 
eulated from oooss-tabulated data on the Tufts University tracing 
system for which the approximate frequency distribution curves are 




What determines the nature of these curves? One expects to find 
a smaller percent chance of finding a book as time gees on, thus 
implying the cu«fe should be downward sloping. The general curve for 
all books is concave up. It crosses the y axis (percent of missing 
books found) implying a certain percent are found immediately p and 
then witlyte Increasing elope the curve eventually becomes asymptotic 
to the time axis, implying tlMfe a peroentp albeit very small, will 
crop after a long number of weeks have passed. Concave upwards 
seems to be an expected rate from student lei inquence; some students 
Just don't get around to returning books until after a good amount 
of time goes by sometimes putting the book directly into the stacks 
to avoid paying a fine. Curves concave downwards p eg. the missing 
file, mfishelved books p and. to a lesser extent , the circulation fil€^ 
seem to be related to the internal characteristtcs of the areas in- 
volved. 

For example, books reshelved in the wrong locations. Here there 
is a very strong concavity nearly as many books found in second trace 
as ttHe first. This statistic sharply contrasts tine overall average. 
We look Internally for the case and find (bolstered by contributing 
statistics) that the high percent found on the second try was most 
likely due to having missed a higher than normal percent of these 
books on the first traoe. If these books had been shelved in their 
correct locations a much higher percentage of them would have been 
found on the first trace and a lower percentage on the^econd trace. 
The concavity to the origin means that books are returned to the 
shelf 9 on the average » later than usual - thus adversely affecting 
book-»weeks lost. Comparing the meantracing time for misshelved 
and correctly shelved books, one finds an average of 3.05 and 1.86 
weeks respectively^ which implies over a one week mean difference. 
Considering that misplaced books make up about fourteen percent of 
all traced books , this amounts to a substantial number of book -weeks 
lost. 

It is possible to look at these areas with a different statis- 
tic in mind 9 that is the percent of all books located in an area with 
respec*; to the other areas over time. In the study done for Tufts, 
the missing file illustrates such a u^age. If one looks in the mls<^ 
sing file on the first trace it should not be necessarp to look 
there on later trac^^s, yet this area produces an increasing percent 
of all books found with Increasing trace number, 12.7??, 18.2^6, and 
28. 6< respectively. Host likely staff underestimates the high pro- 
portionality, lS%f of books found there, and thus concentrates on 
other areas such as the stacks, ete. 

O 
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Considering slow response rates as preventable p one seeks to 
find solutions which will tend to normalize the tracing time curves. 
For mi 68 helved books an effort can be made to improve the tracing 
rate to correctly shelf ed standards by searchincr in such a fashion 
th^t books surrounding the correct location (statistics indicate a 
ten book limit on either side) are perused with an equal rigor to 
those in the correct location. This takes but a few seconds longer 
while it obviates the neccessity of later traces p thus saving time 
(staff and user) on the whole. As to the )ifiissing file, it is sur* 
mised that staff underestimates the statis\.ical proportionality of 
tracing successes there, thus leading to a lack of exactness in its 
use on the first trace. Realizing +nc kmall amount of time involved 
in searching this area and the substantial success rate (15^)9 effort.) 
to normalize the missing filers return rate through staff education 
of its relate proportionality would seem oorthwhile. 

Other interesting statistics include the fact that nearly all 
traces originating on specially**located books were instigated pre*- 
cisely because those bi>oks are earmarked for special locations. 
Staff and users seem to have abnormally slow success rates with such 
books. An increasing percent, with respect to time, of books traced, 
165^, 21^y and 28%^ are specially-located books. Realizing that 
these books represent 18% of all traces, education to insure improved 
recognizance would most likely be lucrative. 

There exists a slight sluggishness in the circulation file's 
tracing time curve, attributed to the mlsfilinsr of circulation cards. 
As with books, circulation cards are occasionally misflled when a 
student worker is in a xnish or v«hen he confuses a long call-number 
with that of anotkBi3^ook. . An occasional inventory bolstered by staff 
diliprence in searching several cards on either side of the card's 
correct locati on, should ameliorate the situation. 

SIWULAT18N 

In order to simulate tfcc effects that diffeent tracing pol- 
icies have on a tracing system, one must estimate the system's dist- 
tribution function, fit 1^^ and construct equations which model the 
different policies. The choice of the parametric form of the 
probability distribution function, is one of the most important 
and difficult problems in the evaluation of data. Since such a func- 
tion will be used as a base from which decisions are made, accurate 
construction is paramount. In particular it will help us to 
observe through system simulation, the resultant implications 
that different tracing policies have on the tracing system, and 
the number of book-weeks lost. Effectively our goal will be to 
minimize this nunber while remaining within various cost constraints. 

At Tufts, histograms resulting from the statistical computer 
package, indicated that the overall tracing distribution function 
is approximately exponential with respect to time. Therefore, 
assuming that the probability of finding a book at time t, f(t)« 
xiexp(-X2t). one estimates the xi and X2 which most accurately 
represents the data, by utilizing one or another cune fitting pro- 
erram available at most computer facilities. Testing the curve 
with PTOOdness of fit criterion one can obtain an idea of the model »s 
accuracy*, and consequently the validity of subsequent simulation 



essays. 

In order to observe and eventually minimize the number 
of book«*week8 lost to the user irlven certain cost restrictions , 
It Is best to construct an equation which calculates book-»weeks 
lost driven a probability distribution function and the number of 
traces to be done. Since, for the Tufts system, the probability 
distribution function Is approximately of the form f ( t )=xiexp(x2*) 
one can calulate the cumulative distribution f(t) by simply 
Integrating. Then F(t)s(xi/x2){l-exp(-x2t)) which Is graphed as 
follows: 
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To calculate the number of book-weeks lost one multiplies the 
number of books being traced times the time these books have been 
out of circulation. Suppose, for example, there are traces the first, 
fifth, and ninth weeks, respectively. After the Initial trace the 
first week, P(l) books have been out for one week giving P(l)x(lwk. )» 
F(l) book -weeks lost. After the second trace on the fifth week 
there Is a corresponding contribution of (f (5)-P( 1 ) )x5 book-weeks 
lost to the system. En total, after the third trace there have 
been tiP(ti )+t2(P(t2)-P(ti) )-ft3(P( t3)-P( t2)) book-weeks lost, where 
ti=l, t2«5t wid t3a9. Any book still unaccounted for after Its 
third trace Is classified as missing and, therefore, disregarded. 

Given n traces to be made, one can, using arguments similar 
to the one above ^ find equations which calculate the number of 
book-weeks lost for those n traces. Using such methods, the author 
has written several computer programs which j given the number of 
traces to be made, prints out that trace sequence which minimizes 
the number of book-weeks lost; such a trace sequence being the op- 
timal spacing pattern for that number of traces. For example, at 
Tufts during the period under study^l^S? book-weeks of circulation 
time were lost due to books which were in the process of being 
traced. Simply changing the spacing of these traces from the 
present policy of tracing the first, fifth and ninth weeks to a policy 
in which one traces the secrnd, fifth and ninth weeks one saves more 
than one htindred book-weeks , giving approximately seven percent 
reduction. This change is fairly easy to implement requiring only 
staff educattn as to the time differences, but it cuts, without 
increased staff costs^ the costs to the user. 

Using programs of this sort one can simulate the effects of 
any policy changes —i.e. by how much will the attendant number 
of book-weeks r ise or fall by adding or subtracting a trace or two 



♦The modeled distribution function for Tufts grave a standard 
error of one, and mean difference from data of one tenth out of a 
hundred. 
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to a /?iven trace syatcm? By how much will the trace system ^raln or 
lose by movlner towards or away from any one optimal tracing sequence? 
Such (iBMtlans are Important for any library and should not, con- 
sequently be overlooked. 

One of the first lessons of operations research Is not to re- 
ly solely on one*s Intuition. Therefore ant develops some form of 
cost-benlflt analysis. Given an Idea of the probability of find- 
ing the book on the nth trace, the general~ooi^ of each book (In- 
cluding processing and cataloging) , and the cost of staff time, one 
need only estimate the time necessary to search in each^area to set 
up the following cost^beneflt criterion: 

Let p^sthe probability of finding the book on the nth trace. 
Let V«the value of the book, including processing and cataloging 
and let C^cost of 8earch=WgXTg|WherelTg=the staff time necessary 
to search, and Ws-the staff wage per unit time. To make the searches 
cost-wise valuable the expected value of these searches should 
b«r greater than zero. If not, one is spending more on looking for 
the book than it is worth. 0<E( value of search)spjjV-C, or Pft>CA. 
Therefore one only traces in an area as long the probability of find- 
inct a book is greater than the cost of such a trace divided by the 
value of the book. 

Using staff estimates as to the length of time it takes to search 
in the stacks, and in the files for^a book, it was deterained that 
at Tufts the probability of finding a book in the stacks and in the 
files should be approximately .02 and .005 respectively before any 
one area merits a trace. 

Using these criterion one checks the data to see how close the 
staff came to these limits. At Tufts, tracing in the stacks on the 
third trace yielded only a one and two percent success for mis- 
shelved and correctly shelved books respectively. The total, three 
percent, puts the system rather close to the allowable limit of 
2% probability for the stacks. For the files there is a four per- 
cent chance of finding a book, whereas the allowable limit is about 
half a percent o This means that there is a good leeway for expan- 
sion of the number of traces in the files. 

If data is sufficiently large it is possible to use another 
computer program to pinpoint the optimal number of traces which 
Should be made, ie. the amount by which one should expand the pre- 
sent number of traces. From the cost critev^ion it was established 
that one traces in an area as long as CA Pt 'the probability of suc- 
cess of the nth trace. Remembering that F(t^) gives the number of 
books found on the nth trace, Pr,=*F( t-)-F( t^^i ) ^n/tr 

^ #of"tuoktj in study>^^. 
Given optimal spacing for each sequence^ ^o^^ sserely expands the 
number of traces untll.F( tn)-P( t^-i ) 

# of books m sti^°/^- 

This process can be readily evaluated by using several programs 
available upon request from the author. These programs exhaust the 
different possible optimal spacing patterns and their attendant 
probability of the success on the last trace. Simple perusal estab- 
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ushes both the optimal number and optimal spacing of such traces 
for any driven system. 

One should then compare these optimal solutions with the pre- 
vious method used. At Tufts University, criterion indicated that 
one should increase the number of traces by two, in the comparltlve- 
ly inexpensive to search files. This implies a twenty-five percent 
reojuction in bock -weeks loif over the old system conslstinfr of* trac- 
ing with an optimal trace spacing solution consisting of tracing on 
the 1st, 2. 5th, 4th, 6th, and 9th weeks. 

CONCLUSION 

The S.P.S.S. program run for Tntfts suggests education as a 
means to improve what seems to be slow response rates in the 
missing file, misshelved books and specially located books. 
Hecognicance as to the high proportionality of the missing file's 
success, increased rieror in searching ten to fifteen books on 
either side of a book's correct location, and user education as to 
the importance of notlclnor whether or not a book is earmarked for 
a special location should save both staff and users from a lot of 
a^rsrravation and time lost. In addition, statistics Indicate that 
if students would eheck again after a day or two have gone by to see 
if the book they want traced ftas turned up on the shelf, they 
would avoid what seems to be the greatest proportional contrlbuter 
to book-weeks lost; that is internal bookhandling. A hand-out to 
inform users of the aforementioned problems would perhaps be the 
most effective way to acheive such an education program. 

Increasing the number of traces in the file areas and using 
the optimal spacing patterns suggested^ a cut-back of over twenty- 
five percenti'^book-weeks lost;, can be realized in the Tufts University 
system. Similiarly, any library investing in a program of evaluation, 
such as the one outlined here, should find a satisfying increase 
in user benefits while keeping a check on staff costs. 
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AUTOMATED LIBRARY SECURITY SYSTEMS i EXTRAVAGANT OR PRAGMATIC ? 
a.h. karlln, l.d. solomont, n.a. tanana 

ABSTRACT 

Tha purpose of this study is to investigate whether or not 
Wessell Library has a problem of yearly book loss that is large 
enough to warrant the installation of a sensitised security device.i 
Our investigation has shown clearly that a sizable problen exists. 
Our report is divided into three sections. The first analyses 
the workings and effectiveness of the available systems. The 
second describes the problems and solutions that local*area 
libraries have found. (Most of this information was collected 
during interviews with the staff o-r the various libraries). The 
third section of the report evaluates the deterrent systems with 
respect to Wessell* s individual economic and physical problems 
regarding book theft. 

INTRODUCTION 

The problem of theft in libraries has increased dramatically 
in recent years. Several companies have risen to the challenge of 
designing and building efficient electronic systems which are 
deterrents to book theft, and many U.S. libraries i7ave chosen to 
take advantage of these automated devices despite the costs 
involved. Our investigation of the situation has led us to the 
belief that the library security problem is large and that the 
remedies are basically effective, though not foolproof. Should 
Tufts University make the investment? Will the returns reaped 
justify the money and effort spent? 

ANALYSIS OF LIBRARY DETECTION SYSTEMS i COST AND EFFECTIVENESS 

To cope with these problems of book losses, libraries have installed 
electronic equipment which can detect books being removea 
without being properly charge out. Several such systems which 
we have investigated and analyzed include the Tattle-Tape 
Book Detection System, the Remington Rand Book^rk System, and 
the Checkpoint Mark I and Mark II Library Security Systems. 

The theories of operation of these models differ with 
regard to the method of sensing the book passing through the 
system I but all have the same essential objectives to detect 
a book which has not been properly charged out. 

These systems fall into two categories t **bypass** and 
••full-circulation" systems. To initiate either of these, first a 
portion of the library collection must be sensitized. In most 
cases, this is done by placing a thin strip or book plate made 
with a sensitive material in each book. 

The library staff then resti^lvfs the books; and from this 
point on, all operations proceed a^ usual. When someone wishes 



to borrows book, it is taken to the circulation desk where the 
librarian processes the book as usual • In the case of a bypass 
system, if the circulation desk is set up at the exit, the 
librarian simply hands the book to the borrower around the 
sensing screen* The person is then past the device and will 
not trigger the alarm. Had the borrower neglected to give the 
librarian all the materials that s/he wished to charge out, the 
alarm would have been triggered, and the turnstyle locked • This 
system is called a bypass system because the librarian must 
pass the book around the security device, 

A full-circulation system differs from the bypass method 
in that the books can be desensitized at the circulation desk 
and carried through the sensing devices without triggering the 
alarm* 

There are several problems inherent in both these systems, 
A bypass system requires that someone be at the sensing units, 
which are typically located at the exit. If the circulation 
desk is immediately at the exit, this presents no problem. If 
the circulation desk is not at the door, each time a patron 
returns to the library with a charged-out book, the guard must 
recheck the book when the patron leaves so that the book cannot 
trigger the alarm. The full-circulation system alleviates 
these problems. It provides the facility for books to be 
desensitized. During the charge-out process, the librarian 
desensitizes the book so the borrower is free to re-enter the 
library at will. It also eliminates the necessity of a circulation 
desk at the exiti a guard would not be essential to recheck the 
books , 

The 3M Tattle-Tape Book Detection System is a bypass system. 
The cost for all of the hardware is $17»500 which includes the 
sensor, turnstyles, and controls for the system, A book is 
protectedbt|a$*l6 metal target. There are several deficiencies 
in the 3M system. Holding the bcek at the proper level or angle 
will allow a borrower to take a book without completing the 
proper charge-out procedure. The sensing device is essentially ^ 
majnetie detector, which creates the problem of an unwarranted 
number of false alarms. 

The Checkpoint Mark I Library Security System is also a 
bypass system* The cost for the hardware is $^,600 which includes 
the sensor, turnstyles, and controls, A book is protected with 
a $,165 metal target. This system is also a sophisticated metal 
detector which accounts for the occurrence of a large number of 
false alarms. The range of sensitivity is limited to a smaller 
area than other devices, allowing library users to easily 
avoid the system* Because of the deficiencies in the Mark I 
system. Checkpoint has recently introduced the Mark II Library 
Security System* This can be set up as either a bypass or a 
full-circulation system. The cost of the hardware is $5000, and 
this includes the serj^ing devices, and turnstyles* Each book 
target costs $*iO, /l/ 

If this system were to be implemented as a full-circulation 
system, there would be an additional cost. In order to desensitize 
the book, the librarian would place an additional tag in the book. 
This desensitizing tag would be put in the book during the charge- 
out procedure and remo red when the book Is returned. The cost 
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for these additional tags would be $.005 a piece • This system 
as a bypass sytem requires that the circulation desk be adjacent 
to the door. Problems exist when the Mark II is used as a 
fuSrcirculation systemt for the desensitizing tags are easily 
removed, allowing a would-be long-term" borrower to remove 
a tag and place it in another book in order to desensitize it. 

As a bypass system, the Mark II is nearly foolproof. This 
is primarily because the method of sensing is completely 
different than the magnetic field detection or metal detection 
systems. It seems, in addition, to be the simplest system to 
operate, though it does requires that the circulation desk be 
near the exit. 

The final system we considered was the Remington Rand 
Book-Mark System. This is a full-circulation system. The cost 
of the hardware is $20,000| and this includes the sensing units, 
controls, traffic counter, alarm, automatic turnstyles, and 
three sensitizing and desensitizing units. The cost of the 
targets depends on the type desired. The targets are priced 
as follows! plate- type— $,08, 8pine-type-$,10, and double- 
adhesive pericdical-type— $,15. This system provides all the 
advantages of a full-protection system while being very reliable. 
As books are charged out, they are passed over a desensitizer 
which will pemit the book to be removed and br*U|^t in 'without 
setting off the alarm. As the books are returned, they are 
passed over a sensitizer. The system is essentially a magnetic 
field detector. To eliminate unnecessary false alarms, magnetized 
items are to be desensitized on the book desensitizer. This 
prevents an item that is not a book from triggering the alarm. 
The system also has provisions for multiple-exit control from 
a central location, /z/ Sec £ig. X.1L 

No system will be foolproof because there will always be 
people who will try to bypass it. An important factor, though, 
is that an automated detection system will save the library 
a considerable anoimt of money in the long run. More important 
is that a library's collection will *cesf!tain that many more 
books for the use of its .patrons, 

USE OF DETECTION SYSTEMS IN VARIOUS LIBRARIES 

In addition to the workings of each security system, we 
investigated various Boston-area libraries and their security 
systems. We also corresponded with other U,S, libraries across 
the country. At each of these libraries, our intention was to 
assess the varying security problems and to subsequently relate 
these difficulties to those of Tufts^ Wessell Library, Hopefully, 
the experiences of these libraries can help Tufts' staff to attack 
their security problems more objectively and wisely. 

Our first stop was library A, The building was rather old 
with many separate rooms and an abundance of windows with no 
screens which could be easily opened by patrons. Presently, 
Library A has the 3M Tattle-Tape system and has met with great 
success relative to their previoun situation. 

Library A has approximately 280,000 volumes. Prior to the 
install&tion of the 3M systole, the library was enduring a yearly 
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book loss of about 8^, some stolen, some misplaced, /37, Monetarily, 
this meant a $358,^00 annual loss (calculated at $l67book=: cost+ 
processing — the cost we will assume for all undergraduate libraries) • 
Certainly, their former security system — six security guards—was 
proving rather ineffective. As one of the library personnel 
explained, there were several reasons for the large amount 
of loss via theft. Library A had two main exits and several 
••sub" exits. The abundance of exits definitely increased their 
vulnerability to theft. In addition, students had been often 
known to remove books through open windows (one reason newer 
libraries, including Tufts, have air-conditioning and sealed 
picture windows^ Library A*s guards were sufficiently negligent 
to be considered ineffective to combat book theft. In fact, one 
had been known to doze off sporadically. 

In general, then, the operation of Library A was in jeopardy. 
Its important service to the community was threatened by the 
very population it was attempting to serve. Too many x>eople could 
not find the volumes they needed. 

And, so, after consideration of several automatic security 
sy&tems, the 3M Tattle*Tape device was chosen and installed. At 
present, only aboUt 16% of the entire collection (ar' kS^OOO 
volumes) are protected (at $,l6/books$7200) i and th. jnall 
amount of protection has resulted in an approximate !jv% reduction 
in loss (determined by a sampling of high circulation books*- 
about 2% of the collection), /l7 

In any case, the estimated drop from 8^ to 4^ is sufficient to 
justify the 3M cost, even though the guards have been retained. 
Costs look something like thist 



" Of course, this does not include the initial $7200 tagging feei 
yet either way, these costs surely are justiriaole in the light 
of a $179,200 savings in books and more volumes on the shelves. 
Once purchase is complete, tlie yearly cost will also be further 
reduced. 

The people at Library A have been pleased with the results 
of Tattle-Tape, There have been no public relations difficulties! 
in fact, the stricter attitude has motivated an increased respect 
for the services the library offers. False alarms have been a 
problem (the nearby subway system has caused some interference). 
Although the system is not fo61proof, for the run-of-the-mill 
student crook, it is an effective theft-prevention device. 

Library B is a medical, dental library and has had the JK 
system for two and a half years. Their problem waff mammoth nearly 
beyond comprehension • They had a 23^ yearly loss of their 60,000 
volumes at an estimated $525,00 per year (approximately $30/book 
since almost all are scientific texts}. Most of the stolen books 
included new texts and bound journals. Bound journals are difficult 
to replace, thus incurring an other- than-monetary expense to 
Library B, Apparently, most theft was caused by students, though 
the very urban setting of this library could indicate outside theft. 



Rental/yr, till purchase 
Protection all new items 
Guards salaries 



$6600 
6500 
21,626 



$ 35^/yr. ^ 
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In any case, the justification for installation of a 3^^ system 
seems clear. Library B bought the system. They randomly 
protected about 50^ of their collection (30,000 books at $.16/ 
8trips$4800), and personnel at the circulation desk monitor the 
system at the one exit. Thus, the initial cost was approximately 
$25f000, smd their yearly additional cost for protection of 
4500 new yearly acquisitions is $720. 

After two and one half years. Library B has cut its loss 
of new books ftrom 23% to 5%. Extending this statistic to 

the general collection, we can expect that loss has been cut to 
less than 5% since new volumes (along with bound journals) are 
perhaps the **hottesir items of the collection. This decreased 
the lost book fee from $525f000/year to around $90,000/year — 
certainly much better, but by no means a trivial expense. 

Our next visit was to a small college in a rather quiet, 
rural area. The statistics we collected ftem the head librarian 
were somewhat sketchy since the staff had not yet completed an 
up-to-date inventory. However, since the general feeling had 
been that a large percentage of their 6O9OOO volumes were missing. 
Library C's administration decided to pxirchase an automated 
device for their one exit (which had always' been unguai^ded )o 
After lengthy investigation, they decided to purchase the early 
model Checkpoint system at a $4600 cost. Due to the business and 
management emphasis of their curriculum. Library C's staff tagged 
all social science volumes and approximately 45^ of the remainder 
of the collection. They tag all new acquisitions (4500 books/year 
at $.165 per tag=$745/year). In addition, many books have 
dummy tags in them. 

Library C has had their Checkpoint system for one and one 
half years. They have not, as yet, completed statistics showing 
changes in loss, but they feel confident that the loss has 
been reduced and that the initial and yearly costs have been 
worth monetary and sez^vice savings. Many fewer people are 
complaining about missing books. Althou^ the system is not 
foolproof, as has been pointed, out, it is an effective deterrent 
to theft. The majority of users will not go to the bother of 
attempting to outwit the system. 

Library D, situated in an urban setting, also recently 
installed a Checkpoint system to protect their 150,000 volumes. 
Their yearly book loss had been estimated at .6^-«or a yearly 
loss of $14,400. The claim is that theft has been cut to virtually 
0%. This claim is questionable, since though all new acquisitons 
are tagged, only a small percentage of older books have yet been 
protected. The librarian we interviewed expressed his belief that 
most students do not know which books are tagged. This ignorance » 
he felt, has helped the system to be effective until now. 

Library E is in the process of installing the Remington 
Rand Book-Mark System. A staff member informed us that though 
it is difficult to assess the percentage of the 70,000 volumes 
which are lost or missing, the noticeable increase in complaints 
concerning missing books warrants the installation of the device. 

This brings us to a question of philosophy. At Library E 
the monetary loss was not determined exactly. The staff feels 
that each volume has more than monetary value attched to it. If 
an important, quickly-circulating book is missing, the services 
the library offers become limited. To many a librarian, then. 
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tbelr best service to the public Is worth the hlc^hest co<5ts 
'nuchlnery and manpower. 

At Library 30,000 of the '^rolur^es will be sensltl7:e<^ , 
Library ?) Is the only New ^o-lan'^ library t^^t v^as purchase'^ snc^ 
a systeiT*. We d],r\ contact non-local libraries an'' rf^cel^e'^ 
some InforTratlon from a small California collepre whlc^ rec^^ntlv 
Installed BooV-yar^*- svstem. Thev claim that after Installation 
of the syatem, boo^c loss was reduce'^ 75, z*"^. Their ^Irst vear 
savln<rs approached ^^l^. 500. /f 7 

Besides Investliratlnr automatic svstems, we felt It woul'' 
be beneficial to loo^c Into various "tranu^l" security systems. 
Library F came to mind Immediately , library F*8 security 
has an eventful history attached to It which we were able to 
learn about. Ir the early IQOO's, Tl^^rarv ^ had stac^^-s closed 
to all J students a^H public alike, Tf n resrlstere^ stude-^-t 
wanted a book, he had to request a stacV employee to locate It 
and hanrl It over. The-^e were no exit p^uar'^s anri no one >>ut 
students rerlstered ir t^e University could check out books. 
Apparently, one orentleman develoned ^n elaborate means by 
which he was able to steal over 1500 books. He was '^Iscover^'^ 
when a prospective buyer of a used book, noticed the Library F 
stamp on tv»e volume. The '•rocrue" was apprehended, and library 
p beran their very strict p-uard system which remains to this 
day. The stacks are now open to enrolled students only. library 
F, then, Is theoretically an open stack (not to the public) 
library with a rather ef^'-rttlvf* auard svs'^em which "svphons" peonle 
out of the one exit. Traffic o^itterns «nd the layout o^ t^e 
build Injr allow this system to work well. Library ^ has 3.000,000 
volumes and adds approximately 60,000 acquisitions yearly. On^ 
librarian Indicated to us that an Inventory Is considered next to 
Impossible. Thus, there are no available book-loss statistics i 
yet the librarian was confident that the loss factor Is mlnl'ral 
and that present security measures are effective. Under 
consideration, presently. Is the proposal to halt all circulation 
outside of the library so that all books will be available nearly 
full time. 

In correspondence with the business manager of Llbrai^y G, 
one of the pioneer users of the 3^ system, we have learned that 
their security problems (loss of '530,000-^50,000 per year) led 
thera to Install their «vstfcfn. Thouflrh there are false alarms, 
Library G has found the system to be a beneficial aid to servlnr 
their students and have saved on manpower. (See Fliture 2»l) 

The Levlttown Public Library has Issued an extensive report 
on library security. Their sampllnp^s Indicated that with lOOf 
protection, the 3M system can eliminate up to 81^ of the book 
loss I 50^ coveracre showed a 78* lo8s reduction! 25t coveraflre 
Indicated between 50-75* reductloni lOt coverage resulted In 
a 60^ reduction. This last statistic Is one which samples 
books which were randomly tairred . When there was 10*^ coverare of 
books selected by the staff, the loss reduction reached 6Q^. T'he 
Levlttown report also Indicated that loss of unsensltLzed books 
within the 3V system was also down approximately 50t.^57 

Handom or staff-selected tas-srln^r can be controversial. 
Levlttown Library conducted time studies which i^'^Jj* C*, nlIv:r>^wo,-. 
with Tattle-Tape the for'ner method cost ft. 03? per Item In manpower i 
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the selected tafffltir cost $.09? per Item. A7 T^ese chftrr«»8 will 
be In addition to the 3.l6 cost for each strip. 

Unfortunately, tvie Levlttown report focused on tvie 
system. However, the flndlnrs are llkelv to follow In other 
situations. In general, then the report supported the 
widely-held notion that theft deterrent systems In libraries are 
cost-effective and beneficial. This Is the general feeling we 
also had after visit Inr the various libraries. In each case, booV 
loss has been reduced enough to credit the systems as powerful 
adn effective. In addition, the devices are becoming wore and 
more popular. Before 1970, perhaps only one half dozen U.S. 
libraries had automated devices. Since then the need has rrown 
and so has marketing and purchasini: of the systems. 

WITHER W ESS ELL? 



Other college libraries have realized their security 
problems and found solutions to them. We have investirated 
the Nils Yngve Wessell Library at Tufts University. 

Periodically, members of the Wessell staff sample booVs to 
determine what is in the library and what Is mlsslnr. For 
the past few years the figure of 1.1^ mlsslnr books has been 
recorded annually. In the last count this fJj^ria had Increased to 
1.8^ This "missinar- flirure includes books mis-shelved as well 
as those stolen from the library. This of 250,00 volumes 

gone from the library collection means a ^'7<l,000 annual loss. 
I^any of the books will not be retumed to the collection! either 
the ••thief will never return the book, has himself lost or 
damaged it, or questionnaires sent to related academic departments 
will go unanswered meaninic faculty does not think the book Important 
enough to be reordered. Wessell is losing books, time, and 
money. A security problem exists. 

There is presently a ruard system at Wessell whereby 
people file out of the library and show the guard their material. 
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The guard makes sure books marked with the -Tufts University- 
stamp have been correctly checked out. Vfhy should Wessell hav*» 
a security problem, t^en? One reason is that the ruardg are 
ineffective in stopping theft. In a small sam.ple survey of 
Tufts students, it was found that some admitted having taken 
books from the library without usinr proper checkout procedures. 
Kany students said the guards do not check them and sometimes 
were asleep. Students often exit through the wronr doori and 
when more than one person exits, the guard ofben checks the 
person closest to him while the other(s) pass by. Women's 
purses are seldom, if ever, searched. How many chances there are 
for someone to -steal" a book!! 



Small survey of students at Weesell Library 

Question li Do you tblnk a security orohlem exists 
In Wessell I.lhrary? 
Not 16 YestP No Answer 1^ 
Question 2t Have you ever taken a book frorr the 

library without properly checklnr It out? 
Not2i^ Yesii^ 

Question 3« Would you be opposed to the Installation of 
an automatec^ security system? 
No»23 Yesi5 

How mlirht Weseell cut their book theft? One solution 
could be to stren^rhten the guard system. The problem Is 
How to stren^ctWen It, Library doors cannot be made to be 
one way due to Fire Regulations, A tumstyle could be set 
up at the exit to permit a check of singly-filed persons. 
But If the guard still does not search completely, the 
tumstyle will be worthless, Wessell hires retired men 
for guards at ^2,35/hr. 120hrs/wk = ^^OOO/yr for In- 
effective guards and a $72pOO/yr, book loss, Ther are no 
statistics to see If women checkers mlprht be more effective. 
No one can Just tell these guards to be more conscious about 
book theft and expect a drop In book theft. Something more 
has to be done , especially If theft continues to rise. 

Humans cannot thoroughly do the Job, Therefore, we 
looked Into the aforementioned library security sys'tems. 
At several libraries we visited the security systems are 
set up at the circulation desk so that books are by-passed 
by the library staff as one easy step of the check out 
procedure. At Wessell, the circulation desk Is set quite 
far from the door. 

Card 

Catalogues 

Circulation desk 



Stairs 



J— .Guard , 

Exit I I Entrance 

There Is almost no possibility of moving the circulation desk 
because of limited space. If a by-pass system were set up 
by the door, users would have to check out books at. the 
circulation desk and have them rehandled and checked by those 
guards. 

What Wessell needs Is a f ull-clrculatlon system such 
as the Sperry Rand Book-T^ark svstem. By tagging about 
25% of all books, book theft will be cut by 50^, no worry 
about moving the circulation desk as the books will not hav^ 
to be by-passed at the main exit. The guards, although not 
necessary for operation, can remain If onlv to be awakened 
by the system alarm. 



CONCLUSION 



Who wants yesterday's papers? Who wants to lose ^oney 
If they don't Viave to? Why should many suffer the evils of 
a few? 

One would think a $7?V300/yr rising loss to be slpmlf- 
Icant. This Is more evident when one realizes this means 
a ^,500 books gone/year, and closer to home, over 12 books/ 
day missing. Doesn't this mean somethlnpr to someone? 
Doesn't this Inconvenience more than one user? And thenels 
no end In sight to the rlslncr book loss. College Is becomlnpr 
more competitive. It Is getting more Important to have 
-that book.- 

The Sperry Rand Book -Mark system will hopefully stop 
••that book'' from leaving the library >>y Illegal means. 
The ••book" will remain as part of the collection. 

For a $20i000 initial set cost for the Sperry Hand 
system, plus $^50(not including labor) to install 
targets in 62^500 volumes (2 5^ of the 250000 volume col- 
lection), letting the guards retire gracefully (saving 
lizpoo), Wessell will save in the first yean 
J72p00/2(mlnlmuii loss-cut) plus ^ |2p00( eruard savings), 
minus the costs of the system, $20yOOO plus ^^$0. 
This is a ^4t,?50 savings to Wessell in the first year alone. 
Money talks. - ™ 

It seems pretty obvious to us that the Wessell library 
should seriously consider the Sperry Rand system as an 
alternative to the guard- and -book-loss^ system presently 
in use. 
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INITIAL 

/> ri m 


COST/ 
TARGET 


TARGET 
INPUT^i, 


HESUITS 


Checkpoint 
Mark I 


$4,600 


.165 


510,312.50 


cannot be easily 
Inplem^^nted dup 
to the location 
of circulation 
desk 


Checkpoint 
Kark II 
(full- 
clrc) 




.11 

.0052 


?7,187.50 


very clumsy as 

full-clrc 

mod el , removable 

tabs 


3-ni 

Tattle - 
tape 


$17,500 


.16 


$10^000 


cannot be easily 
Implemented due 
to the location 
of clrc desk 


S perry 

Hand 
Book-mark 


iZQooo 


.103 


$6i?50 


best all-around 
system for Wessell 
w/^2t,760 flrst^year 
savings 



1 ) Senslnpr hardware 

2) Additional cost for desensltlzlner labels 

3) Spine-type tarp:;ets most efficient 

k) Costs based on tacrprlnR all reserves, highest circulated 
books, and all ^pw acqulsltlonsCSS*^ of all volumes) 
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